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Plant Breeding and the Vegetable Industry 


Beginning in prehistoric times, man has continuously 
sought to obtain vegetables of progressively greater pro- 
ductivity and better conformity to his ever increasing 


requirements. 


Today’s breeders must use the most 


modern knowledge and devices in efforts to keep abreast 
of new demands that grow out of our fast moving, 
mechanized, industrialized ways of working and living. 
Varieties are being modified more successfully than ever 
before to meet changing requirements, but always some- 
thing more is desired. 


VICTOR R. BOSWELL ! 


Plant Industry Station, Beltsville, 


Introduction 


In this article “ plant breeding ” is used 
in a broad sense to inelude purposeful 
improvement in the hereditary make-up 
of plants by any method. “ Vegetable 
industry ” also is used in a broad sense. 
It includes not only the growing of vege- 
table crops but also the production of 
seed for growing them and the distribu- 
tion and processing of vegetables. 

Increasing demands have been placed 
on the vegetable breeder because it is 
now not enough to develop a variety 
that will be merely productive, or pro- 
ductive and attractive at harvest time. 
A variety must also be adapted to our 
mechanized and industrialized methods 
of farming and of preservation and dis- 
tribution of foods. 

One purpose of this article is to 
describe in general terms, with a few 
specifie examples, what has been accom- 
plished up to date in the breeding of 
vegetables and melons, chiefly in the 
United States. Equally important is the 
intention to show how those aecomplish- 
ments fit into the recent history of vege- 
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table culture and the vegetable industry, 
some of the changes that have occurred 
in the plant breeder’s methods and cir- 
cumstances of work, and what some of 
the problems now are. A selected list of 
references 1s appended. 


Plant Breeding Is an Art 


The most efficient practice of the art 
of plant breeding now depends heavily 
upon the principles and mechanisms of 
heredity that have been revealed by re- 
search in genetics, cytology and cyto- 
Findings in the fields of bio- 
chemistry and plant physiology have 
also helped the plant breeder. Despite 
the important aid of several modern sci- 
ences, however, plant breeding is still 
basically an art that is hundreds of 
years older than those sciences. Plant 
are born rather than made. 
True enough, training, experience and a 
suitable scientific background can help 
make better plant breeders, but first of 
all a good plant breeder is a good plants- 
man. In addition to a sound background 
in genetics the modern plant breeder 
needs a combination of practical abili- 
ties, a detailed knowledge of agricultural 
and related practices, judgment and a 
temperament that is not to be found in 
every competent technician or scientist. 


genetics. 


breeders 


315 


316 


The numerous horticultural and _ eco- 
nomic requirements that must be ful- 
filled by a new and truly superior variety 
of vegetable and the technical difficulties 
of breeding it often combine to make the 
breeder’s task a formidable one. 


Vegetable Improvement before 
the 18th Century 


There is some risk that in emphasizing 
modern developments we may fail to 
pay due respect to the vegetable breeders 
of ancient and less ancient times. We 
should remember, therefore, that the 
majority of our vegetable crops have 
been known in substantially their pres- 
ent forms for hundreds of years and 
some of them for thousands of years. 
Although modern breeders have mark- 
edly improved the yield and quality of 
many crops, their accomplishments often 
represent shorter than the step 
from the wild prototype to the cultivated 
forms of many species. Those early 
advances are believed to have been made 
by simple selection, either purposefully 
or unconsciously by saving seed, bulbs, 
tubers or roots for propagation from 
those plants that were most productive 
or otherwise desirable to prehistoric or 
“arly historic men. 

Broccoli (Brassica oleracea var. botry- 
tis L.), earrot (Daucus carota L.), eu- 
ecumber (Cucumis sativus L.), eggplant 
(Solanum melongena L.), kale (B. olera- 
cea var. acephala L.), lettuce (Lactuca 
sativa L.), mustard (several species of 
Brassica), muskmelon (C. melo L.)?, 
onion (Allium cepa L.), pea, English or 
garden (Pisum sativum 1..), radish 
(Raphanus sativus L.), turnip (B. rapa 
L.), watermelon (Citrullus vulgaris L.)* 
and some other common vegetables were 
cultivated long before the Christian era. 
Some of the distinct forms described in 
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rather than vegetables but are included here 
because they are grown and handled as “truck” 
or vegetable crops are. 
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the earliest records 


were 
similar in many respects to some varie- 
ties grown today. Written history of the 


apparently 


vegetables of American origin began 
only with 1492. At or soon after the 
discovery of America certain kinds of 
bean (Phaseolus vulgaris L.), lima bean 
(P. lunatus L.), squashes (Cucurbita 
pepo I.. and C. maxima Duchesne), 
pumpkins (C. pepo L. and C. moschata 
Duchesne), pepper (Capsicum frutescens 
L.), tomato (Lycopersicon esculentum 
Mill.), potato (S. and 
sweetpotato (Ipomoea batatas (L.) 
Lam.) were found that resembled some 
kinds grown today. References to sweet 
corn (Zea mays L.), however, go back 
to only about 1800. 

According to early Greek and Roman 
records, asparagus (Asparagus officinalis 
L.) was propagated only from the wild, 
but it appears to have undergone selec- 
tion and improvement for garden culture 
about the first century a.p. Beets with 
edible roots were developed from the 
leaf beet by the Romans about the same 
time. Brussels sprouts (Brassica olera- 
cea var. gemmifera L.), kohlrabi (B. 
oleracea var. caulo-rapa L.) and head 
cabbage appear to have been developed 
from more primitive forms of cabbage 
like kale and collard (B. oleracea var. 
acephala) some time during the Middle 
Ages in Europe. Rutabaga (Brassica 
napobrassica L.)—presumably a natural 
amphidiploid of cabbage and turnip 
appeared also about that time. Celery 
(Apium graveolens L.) was used in its 
primitive form only as a flavoring for 
hundreds of years before unknown 
plantsmen of the 17th century began to 
give it some semblance of its present 
cultivated form. 


tuberosum L.) 


Vegetable Breeding 1700 to 1850 


Much purposeful selection and even 


some hybridization among vegetable 


varieties and stocks were going on in the 
18th century. 


Progress doubtless was 
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slow, and the methods were crude. There 
is nothing on record regarding the actual 
origins of most varieties developed up to 
about 1850. It is noteworthy, however, 
that some of the plantsmen of those and 
earlier days introduced many varieties 
that were so eminently satisfactory that 
they are still grown, some of them 
extensively. 

Thomas Andrew Knight, one of the 
first purposeful plant hybridizers of rec- 
ord, began breeding garden peas in Eng- 
land in 1787. Some of his varieties, 
released in the early 1800’s, were grown 
for more than century, and most of our 
modern pea varieties can be traced back, 
at least in part, to his work. 

The White Portugal (Silverskin) vari- 
ety of onion has been known in America 
over 150 years, and Wethersfield 
over 100 vears. 

Many kinds of garden peppers of 150 
to 200 vears ago or more were so similar 
to present named varieties that they are 
clearly identifiable from early descrip- 
tions; such varieties are Bell (or Bull 
Nose), Cayenne, Squash (or Tomato) 
and Celestial. When and by whom they 
were originated are quite unknown. 

Hubbard squash has been known for 
at least 150 years. Summer squashes, 
like our White Bush Seallop, were accu- 
rately described in Europe more than 
350 years ago, and in 1605 Champlain 
described a squash that was apparently 
the same as our Summer Crookneck. 

The White Spine cucumber has been 
listed in American catalogs for about 
150 years. 

Red Valentine and Refugee garden 
beans have been grown in America well 
over 100 years, and are still available 
but are now little grown. 

Muskmelon breeding was undertaken 
in this country early in the 19th century. 
The Christiana variety was introduced 
in 1835 from an intervarietal cross. It 
is now no longer grown. 

Orange carrot, similar to if not the 
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same as the Long Orange of today, was 
grown in England more than 100 years 


ago. 


Vegetable Breeding 1850 to 1925 

No single event or biological discovery 
in this field has been immediately fol- 
lowed by widespread application leading 
to large numbers of greatly improved 
varieties of vegetables. Although it is 
conveniently said that the rediscovery 
of Mendel’s work in 1900 marks the 
birth of the science of genetics, plant 
breeders are known to have been using 
intervarietal hybrids with good success 
for more than a century before 1900. 
Upon the birth of the infant science its 
influence was not immediately evident. 
There is usually a long lag between an 
idea or discovery and its practical appli- 
cation. For example, W. J. Beal noted 
hybrid vigor in corn and suggested in 
1876 the possible use of F, hybrids com- 
mercially, but more than 50 years passed 
before it became an extensive practice. 
Despite the enunciation of Mendel’s 
“laws” and their rapid elaboration after 
the turn of the century, vegetable breed- 
ing for the next 25 years or so appears 
to have been for the most part only an 
extension of the work and methods of 
the 19th century. 

Up to about the middle of the 19th 
century most of the named varieties of 
vegetables grown in this country had 
been imported from Europe. About that 
time, the slowly gathering interest in 
plant breeding burst forth both here and 
in Europe with an impressive increase in 
effort and in productivity. The science 
of genetics was not yet born, and could 
hardly be said to have become a reality 
for more than another half century. 
And yet an enormous amount of valu- 
able breeding of more productive and 
more attractive vegetables was accom- 
plished between 1850 and 1900. Toma- 
toes received their first serious attention 
in the United States, and the first ‘ mod- 
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ern” varieties of them emerged from 
the old rough varieties about 1860 to 
1865. No tomato variety of commercial 
importance in the United States is now 
more than 60 years old. Crosby and 
Stowell Evergreen sweet corn, both intro- 
duced in 1860, are among the earliest- 
named sweet corns and are still grown 
to some extent. 

About 1850 most vegetables were 
grown in home gardens or in compara- 
tively small and intensive commercial 
plantings close to the cities where they 
could be sold and used promptly after 
harvest. Long hauls to market were not 
common. The refrigerator car had not 
been invented. The vegetable process- 
ing industry was still in its infancy. 
Consumers and dealers had not yet de- 
veloped highly exacting demands as to 
size, color, shape, uniformity or other 
specific qualities of most products. The 
imbalance of natural conditions caused 
by certain farming practices had not yet 
led to such consistent threats of insects 
and diseases as we face today. Although 
today we might take a dim view of the 
varieties of the last half of the 19th cen- 
tury, many of them were reasonably 
productive and generally represented 
very real progress over the preceding 
half century. Furthermore, they doubt- 
less satisfied the consumers of 60 to 70 
years ago quite as well as our varieties 
satisfy us today—possibly better. Many 
of us recall hearing our elders claim that 
this or that variety is not so good as 
those “ back in the old days’”’. The plant 
breeders of those days evidently were 
meeting the demands of their times 
reasonably well, although they had little 
or no “scientific” basis on which to 
work. 

During the 19th century and first part 
of the 20th new vegetable varieties were 
developed—or literally found—chiefly by 
commercial gardeners or truck farmers, 
but also by all manner of skillful ama- 
teur horticulturists—doctors, ex-military 
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officers, ministers and other members of 
religious orders, retired sea-captains and 
just plain home gardeners. New varie- 
ties were introduced into commercial 
channels almost entirely by seedsmen, 
since only they had the production facili- 
ties, business organizations and financial 
resources for so doing. Thus, although 
seedsmen’s names are commonly associ- 
ated with the introduction of varieties 
during that period, few of the varieties 
were bred, selected or discovered in the 
seedsmen’s own fields and_ gardens. 
Most seedsmen of that time made little 
or no claim of being breeders; they were 
primarily seed growers and merchants 
with keen eyes for new items that would 
attract customers. They usually ac- 
knowledged the sources of their intro- 
ductions. Their alertness and enterprise 
have helped improve the vegetable in- 
dustry, whether they were the actual 
breeders or discoverers of new sorts or 
not. A few seedsmen, it should be noted, 
were also plant breeders. 


Varieties for Long Distance 
Shipment 


In the last quarter of the 19th century 
rapid improvement in transportation and 
rapid growth of cities were accompanied 
by increasingly long hauls to market. 
The first crude refrigerator cars were 
developed in the 1870’s. Although little 
used for transporting highly perishable 
vegetables for another 25 years or more, 
the refrigerator car stimulated the search 
for varieties that would reach the mar- 
ket in usable condition after long ship- 
ment by rail. The pinnacle of eating 
quality that had been sought in varie- 
ties for home garden and local market 
was then sometimes sacrificed in obtain- 
ing those properties that enabled a vari- 
ety to withstand longer time and rougher 
handling enroute to market. Finding 
such varieties was for years largely a 
matter of chance, but when found they 
were vigorously exploited for good eco- 
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Now one of the first 


nomic 
questions asked abuvut a new variety is 


reasons. 


“ How does it stand shipment?” Com- 
mercial growers and shippers are eager 
for varieties that have more appeal to 
the buyer and will carry with minimum 


le SS. 
Varieties for Processing 


The principles of canning or preserva- 
tion of food in hermetically sealed con- 
tainers by sterilizing with heat were 
discovered in France in 1809. For more 
than a half century, however, this new 
method of food preservation had little 
impact on the production or breeding of 
vegetables. Lack of efficient means of 
heat-transfer for sterilizing, the high cost 
of containers and the mountainous tasks 
of hand harvesting and preparation of 
the vegetables were serious obstacles. 
From 1874 to date a long series of in- 
ventions and improvements in harvesting 
machinery, preparation and _ sterilizing 
equipment, and even container-manu- 
facturing machines have combined with 
vegetable breeding to make vegetable 
‘sanning a huge industry. 

The invention of the pea-sheller and, 
soon after, of the pea “viner” in the 
1890’s not only permitted enormous ex- 
pansion in the canning of peas but com- 
pelled the pea breeders to develop varie- 
ties suited to handling by machine. 
Before invention of the pea viner it was 
of no disadvantage for a variety of peas 
to bear a succession of pods that reached 
harvest stage over a period of many days 
and that required repeated hand picking 
to get a good yield. For machine har- 
vest and shelling in the “ viner’”’, how- 
ever, it became necessary to breed varie- 
ties in which nearly all pods reached the 
harvest stage on the same day so that 
the entire plants could be cut with a 
mower and run through the viner to get 
the peas out. Some such varieties were 
being grown before the viner was in- 
vented, and two of them, Alaska and 
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Advancer (renamed Perfection), are the 
most extensively grown today. 

The first machine for cutting sweet 
corn kernels from the cobs was devel- 
oped about 1866, and better ones have 
appeared at intervals since. Reasonable 
uniformity of size and shape of ear be- 
‘ame more important for machine han- 
dling than for manual preparation. 

Sometimes the invention of a machine 
precedes the development of suitable 
varieties, and sometimes the opposite is 
true. The mechanical sweet corn har- 
vester is only now reaching commercial 
perfection, years after the introduction 
of our highly uniform modern hybrid 
sweet corns. In this instance, unless 
these hybrids had been already devel- 
oped, with their remarkable uniformity 
of plant, ear height, ear size and stage 
of maturity, more years probably would 
have been required to develop the ma- 
chine. Sweet corn harvesting machines 
doubtless will be in general use soon for 
corn to be canned or frozen. The uni- 
form properties of the hybrids that make 
the harvesting machine practicable are 
also of economic importance in manual 
harvesting; harvesting by going over the 
field only once is certainly cheaper than 
going over it two or three times to obtain 
approximately the same yield. 

So long as all edible-podded garden 
beans had tough strings along the su- 
tures, the hand labor of preparation for 
“anning was formidable. The breeding 
and introduction of several stringless 
varieties of beans by Keeney, beginning 
about 1890, solved that problem for the 
‘anner as well as the housewife. There 
soon followed, 1900 to 1910, a series of 
inventions of machines for the canning 
factory for cutting these stringless beans 
into short pieces. For bean cutters to 
work effectively the bean pods must be 
free of bad curvature or distortion. Thus 
the plant breeder had—and still has—an 
additional reason for producing beans 
that are reasonably straight. About 1910 
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to 1920 still another important machine 
for snap beans was developed—the snip- 
per for removing the tips and stem ends 
of the bean pods. The plant breeder 
must keep this device, too, in mind lest 
he inadvertently produce varieties with 
pods the ends of which will not be effi- 
ciently removable by the snipper, or 
which result in too much waste. 

Prior to 1910 few sweet peppers were 
~anned, largely because of the difficulty 
of removing the peel of the fruits. Fol- 
lowing the development of flame peeling 
machines and oil bath methods, large 
acreages were grown especially for can- 
ning. Machines later were developed 
for removing the stem and mass of 
seeds from large sweet peppers. These 
machines work most effectively on a 
fairly large, symmetrical pepper having 
a smooth, broad shoulder. The plant 
breeder has rather recently produced 
highly uniform stocks of peppers of the 
best shape for handling by these devices. 

It should not be supposed that only 
the mechanical requirements of the vege- 
table processor have had to be kept in 
mind by the breeder of varieties intended 
especially for processing. Many varie- 
ties that are entirely suitable for fresh 
use from the home garden or from the 
fresh produce market fail to make an 
attractive or otherwise satisfactory prod- 
uct when canned, frozen or preserved by 
other means. (Although preservation by 
quick freezing has been developed since 
1925, it is mentioned at this point be- 
‘ause it involves some of the same kinds 
of problems for the processor and the 
breeder that canning does). The ex- 
tremes of heat or cold used in modern 
processing may produce changes in color, 
texture, consistency, flavor, resistance to 
disintegration or other physical proper- 
ties of some varieties that are not en- 
countered in home cooking or not in the 
processing of other varieties. These 
“quality factors’? may be even more 
difficult to deal with than the adapta- 
bility to machines. 
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Vegetable Breeding 1925 to 1950 

In the 50 years preceding 1925 the 
plant breeder went through his “ indus- 
trial revolution’. He received his intro- 
duction to the problem of breeding—or 
finding—varieties suited to long ship- 
ment or to handling at some stage by 
one new machine or another. The few 
breeders and the seedsmen of that period 
were able to keep abreast of the march 
of events reasonably well by the simplest 
of breeding methods: intervarietal cross- 
ing, mass selection, and later, progeny- 
row testing of single-plant selections. 

The day was approaching, however, 
when the vegetable breeder was to be 
confronted with a staggering list of prob- 
lems that he had not been compelled to 
attack earlier. The number and diver- 
sity of problems required great increases 
in the number of breeders in both public 
and private agencies. Furthermore, the 
difficulty of the problems and the urgency 
for the prompt solution of some of them 
required new methods, new training of 
breeders and world-wide searches for 
new characters not to be found in varie- 
ties here. In the 1920’s breeders began 
to apply the new science of genetics 
rather extensively in the practical solu- 
tion of production, processing and _ re- 
lated problems. 


New and More Difficult Problems 

Technological developments in many 
fields, increases in urban and total popu- 
lation, the demands of wars and various 
other pressures of the past 50 years have 
combined to push production of vege- 
tables and other crops to unexpected 
high levels. Under these changing con- 
ditions some varieties become obsolete 
or inadequate because of new machines 
(Fig. 1) or processes for which they are 
not suited. Others are unable to thrive 
in the field under the adversities that 
result from the highly artificial—*“ un- 
natural ”—situations in crop production. 
Any system of vegetable culture is un- 
natural, at best. Man ean disturb the 
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balance of natural forces only so far 
before the inevitable counter-forces cause 
him trouble or defeat. 

Some farmers and appear to 
believe that the plant breeder can quickly 
produce varieties that are “ resistant ” to 
almost any kind of mismanagement or 
that conform to any fad or faney. De- 
spite the breeder’s many successes, there 
is a limit to what is reasonable to expect 
of him—and of a plant. 


others 
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excesses or deficiencies of specific sub- 
stances in the soil. Shifts of production 
to new areas or seasons may require 
more tolerance to high temperature or to 
low temperature than is possessed by the 
otherwise desirable varieties available. 
The fickleness and unfounded preju- 
dices of the American buyer are not the 
least of the plant breeder’s worries. The 
popular demands for a particular size, 
shape or color often have little or no 


Fig. 1. 
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Improved machinery and_ transport 
have been conducive to specialization in 
the growing of different vegetable crops 
in those particular districts where the 
climate or the climate and are 
especially favorable. The tendency of 
farmers to overspecialize, to overlook the 
necessity of crop diversification, is one 
of the commonest sources of trouble that 
the plant breeder is called upon to over- 
come. The inroads of diseases or insects 
call for the development of resistant 
varieties. Mishandled or otherwise un- 
favorable soils may call for plants with 
different adaptabilities, with tolerance to 


soil 


Huge tractor-drawn motor-driven machines pick up lima bean plants from the wind- 
rows, remove the fresh green beans and return the plants and pods to the soil. 
shelled beans are transferred to trucks that haul them directly to the cannery or freezer. 


The boxes of 
io: B. 


photo on a private farm in Delaware). 


relation to food value, storage or carry- 
ing quality, productiveness or other im- 
portant attribute. Some preferences are 
even based upon utter fallacies; and yet 
a new disease-resistant variety that is 
needed to meet a heavy demand “ must ” 
be of this or that shade of color, shape 
or size if it is to be marketable. Then, 
as likely as not, once those demands are 
met by the breeder, they change. 

As commercial grade standards have 
been established for an increasing num- 
ber of vegetables, the plant breeder has 
had to develop new varieties to meet 
increasingly exact specifications. This 
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applies especially to varieties of crops 
that are to be processed—from beans for 
canning to potatoes for chips. 

The rapid rise of the quick-freezing 
industry has imposed new requirements 
on the breeder because some varieties 
that are very good for canning are not 
always equally suited to freezing, and 
vice versa. 

The new “ pre-packaging ” methods 
used for many perishable vegetables give 
the breeder another set of problems. 
Some varieties may not retain their color 
or the desired flavor and odor when 
packed in such manner, or some unusual 
physical property may be desired to 
adapt them to a particular package. 

It was recently found that one of the 
Department of Agriculture’s promising 
new varieties of lima bean was extremely 
sensitive to injury by DDT. Resistance 
to chemicals used to control insects and 
diseases may now be added to the list 
of requirements that a new variety must 
meet. 

Recently still another kind of problem 
has shown up to annoy the breeder. In 
doing his utmost to please the farmer 
and consumer, the breeder has—in a few 
instances—unwittingly developed fea- 
tures that make seed production difficult 
or expensive. Slow-bolting lettuce and 
beans that are easily injured in thresh- 
ing are examples. 

Satirists have long predicted changes 
in the human form as a direct result of 
man’s domination by the machine. While 
that remains only a fancy, parts of the 
piant kingdom are already being rapidly 
re-formed in structure, composition and 
behavior in order to conform to the 
machine. 

Breeders are now developing varieties 
of snap beans adapted to harvesting by 
machines not yet perfected but which 
appear practical. 


New Aids to Vegetable Breeding 


If the vegetable breeder of today had 
to undertake today’s problems with the 
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1900, he would doubtless be 
under. Thanks to the geneti- 
cist, cytologist, physiologist, pathologist, 
mathematician, engineer and others in 
many fields, the basic tools seem to be 
developed for the breeder to use by the 
time he needs them. Also, the contribu- 
tions of those who deal with human rela- 
tionships and business affairs should not 
be underrated. How have all these 
elements helped in the breeding of vege- 
tables? 


tools of 
snowed 


The Mechanics of Inheritance 


Prior to 1900 there was no exactness 
and but little predictability in breeding. 
There was little more to guide the 
breeder than the age-old concept that 
like begets like, plus shrewd hunches, 
keen observation and his own personal 
experiences. Beginning soon after the 
rediscovery of Mendel’s classic paper, 
numerous workers in many lands have 
determined the manner of inheritance of 
an impressive and ever-increasing list of 
specific characters of vegetable crop 
plants. If the breeder knows how a 
character is transmitted to the offspring 
he can often plan the breeding and selec- 
tion in such a way as to reach his ob- 
jective more surely and easily than if 
he were compelled to work at random. 
The more complex the mode of inherit- 
ance, the more important this knowledge 
becomes. 

Before the 1920’s natural or artificial 
intervarietal crossing followed by mass 
selection or single-plant progeny tests 
was about as advanced a procedure as 
was commonly used. Mass selection and 
pure line selection not preceded by con- 
Except in 
sweet corn little attention was given to 
inbreeding and selection for parent lines 
in cross-pollinated crops. 

From the 1920's on, vegetable breeders 
have used more effective breeding meth- 
ods to an increasing degree: Prospective 
parent lines have been carefully inbred 
and selected for the particular charac- 


trolled crosses were common. 
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ters desired before they are crossed, and 
numerous inbred parent lines have been 
developed and crossed in different com- 
binations, since the corn breeders showed 
that marked differences in combining 
value could be discovered only by trial. 
This device, with its incidental advan- 
tage of hybrid vigor in some crosses, 
underlies the development of F, hy- 
brids of corn, tomatoes, cucumbers and 
squashes. 

Backerossing (crossing a hybrid with 
one of its parents) followed by selection 
and further suecessive backecrossing and 
selection came into common use. This 
unusually effective method of rapidly 
building up in the hybrid the properties 
of the backcross parent was too little 
appreciated for many years. Outcross- 
ing (crossing the hybrid with a third 
parent) is another relatively recent and 
similar device that is now commonly 
used for introducing additional values 
not obtainable to the desired degree from 
the first two parents. 

In 1925 the chance occurrence of an 
aberrant type of onion that produced no 
pollen led to 20 years’ work on perfect- 
ing a method by which F, hybrid onion 
seed can be produced economically. This 
method eliminates the need for artificial 
emasculation of the female parent as is 
still necessary with corn, tomatoes, cu- 
cumbers and other crops of which F;, 
hybrid seed is now produced. 

While the desired new varieties might 
be obtained without any of these newer 
methods, it would take many years 
longer and much greater expenditures to 
do SO. 


Finding Promising Parents 


Since the breeder often cannot find 
near at hand, through any breeding or 
selection device, the particular plant 
characters needed to effect a specific im- 
provement, he must look abroad. Inter- 
regional exchange of plants and seeds is 
nothing new—it is, in 
agriculture itself. 


fact, as old as 
Until about 1920, 
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however, there was little interest in this 
country in the introduction of vegetables 
except for the immediate value in their 
forms as introduced. When such prob- 
lems as disease resistance or hardiness 
became more pressing, however, the in- 
terest in foreign plants shifted from 
varieties as such to specific hereditary 
characters present in them. 

As breeding methods improved, the 
entire make-up of a foreign sort mattered 
less and less so long as there was hope 
that it might have even one character 
that was needed. Thus about the time 
of World War I American plant ex- 
plorers and plant introducers responded 
to the demand for more wild plants and 
varieties having no immediate economic 
value here. In the 1920’s that activity 
was markedly stepped up by Federal 
and State agencies. By the 1930’s the 
specific requests of increasing numbers 
of competent breeders were keeping ex- 
plorers and introducers busier than ever. 
The old “ shot-gun ” method of collect- 
ing many items at random—on the 
chance that some one might use them 
some day—had given way to specific 
searches for characters known to be al- 
ready needed and requested by breeders. 

The classie work of N. I. Vavilov and 
his colleagues in the 1920’s and early 
1930's on the diversity of species in rela- 
tion to their centers of origin has sug- 
gested the most prolific sources of both 
wild and cultivated forms that might 
prove useful in breeding better varieties. 

As international tensions increased in 
the late 1930’s, the U.S.S.R. virtually 
closed to outsiders some of the world’s 
best collecting areas, located in the Near 
East and Western Asia. The Sino-Japa- 
nese War closed much of the Far East, 
and World War II compelled further 
serious restrictions. Since World War II, 
however, the unprecedented travel both 
to and from the United States of Amer- 
ica, international communications and 
cooperative agreements of many kinds 
are proving advantageous to the Ameri- 
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can vegetable breeder. Unfortunately 
much of Asia is still closed to most other 
parts of the world, but some countries 
in Asia and countries elsewhere are 
making their plant materials available 
to us; we in turn share ours with them. 

New Federal-State regional introduc- 
tion stations provide better evaluation, 
perpetuation and accessibility of intro- 
duced materials than were formerly 
feasible. The plant breeder’s dream is 
that among these plant “ banks ” such a 
representative share of the world’s use- 
ful breeding and varietal material will 
be deposited that it will be rarely neces- 
sary to send abroad for a character that 
is needed. Although realization of that 
dream is still far off, a step toward it has 
been taken. 


Mechanizing and Simplifying 
Breeding Tasks 


As costs have risen and needs for spe- 
cial properties in new varieties have in- 
creased, the economic consequences of 
delay or low efficiency in_ producing 
those new varieties have become more 
serious. Much of the increased effee- 
tiveness of the vegetable breeder’s work 
in the past two decades has been due to 
his unceasing efforts to find cheaper, 
faster, easier and more certainly success- 
ful ways of getting viable seed—or more 
of it—from the desired parents. In these 
efforts many devices and methods from 
other fields of work have been used di- 
rectly or modified as needed. 

The plant physiologist paved the way 
for special applications of artificial light 
and of light period control. A genera- 
tion ago the breeder was unable to use 
as parents in a cross two varieties that 
“ame into flower at very different day 
lengths. One might flower at the desired 
season, while the other could not be in- 
duced to flower simultaneously by any 
means then known. Now it is standard 
practice to provide artificially the daily 
lengths of light and darkness that will 
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bring such parents into flower at the 
same time. Artificial light to supple- 
ment the low intensity or short duration 
of winter daylight increases the set of 
seed and percentage of successes in arti- 
ficial pollination of many crops (Fig. 2). 
Control of light is used on some crops to 
hasten or retard flowering some hours to 
suit the convenience of the breeder, so 
that he can accomplish more in a day; 
to shorten the life cycle, permitting more 
generations in a given time; or to induce 
flowering when temperature conditions 
will be most favorable. 

Temperature alone, or together with 
day length, is n@w manipulated—or 
plants are manipulated to take advan- 
tage of natural temperatures—in order 
to induce flowering and to favor seed 
setting and development, virtually at the 
operator’s will. This is especialy useful 
in work involving biennials that are 
native to temperate climates. 

Mist nozzles or “fog machines” in 
greenhouses are used for automatic hu- 
midity control to improve seed set, espe- 
cially in plants of which the delicate 
flowers are unavoidably injured in emas- 
culation or the pistils are exposed before 
making artificial crosses. 

Mild applications of growth-regulat- 
ing substances to the pedicels of delicate 
flowers are sometimes used to prevent 
flower drop before slow-growing pollen 
tubes can reach the egg cell or to reduce 
loss of fruits before the seeds are well 
developed. 

For pollinating onions, carrots, celery 
and some other plants, breeders for sev- 
eral years have artificially reared blow- 
flies. They keep ample supplies of pupae 
in cold storage from which small quanti- 
ties are withdrawn at intervals as they 
are needed. After hatching, the flies are 
placed in the bags or cages with the 
flowers to be pollinated (Figs. 5 and 6). 

The modern breeder is no slave to old- 
established custom or old textbook direc- 
tions. In his efforts to find ways to get 
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Fic. 2. Potato fruits, or “ seed balls,” of controlled parentage on plants grown in the green- 
house under artificial light control. (U.S. Dept. Agr. photo). 
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Fic. 3. Stripping head leaves from selected lettuce plants in the field and covering the 
remainder of the plant with a screen cage to prevent infection by insect-borne organisms. These 
selected plants will be transplanted to a screened greenhouse for further protection until mature 
seed has been produced. (U.S. Dept. Agr. photo). 


PLANT BREEDING 
all possible work done he sometimes up- 
sets tradition and succeeds in doing what 
“everybody knows can’t be done”. In 
order to eliminate the laborious task of 
emasculation of some small-flowered spe- 
cies—especially those that are often so 
injured as to give few successful cross- 
pollinations—he cross-pollinates in the 
bud stage and ignores the anthers of the 
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To an increasing extent, for the more 
exacting phases of breeding work—as 
controlled pollinations—the 
breeder is moving his operations into 
which insects 
can be controlled so thoroughly that no 
individual bagging or caging of plants 
or flowers is needed. Before the devel- 
opment of our remarkably efficient new 


vegetable 


screened greenhouses in 


Fic. 4. 
insect-free greenhouse no.bags or cages are 
Agr. photo). 


female parent. Or, with some legumes, 
he extrudes the pistil from the unopened 
petals of the bud, leaving the immature 
anthers enclosed so that they cannot 
later discharge pollen on the stigma. 


Working in a screened greenhouse 


equipped with air-moistening equip- 
ment, he then pollinates the stigma, 


leaves it bare, and quickly moves on. 


Depollinating flowers of Lactuca species preparatory to cross-pollinating. 
required over the individual plants. 


In this 
(Uy. §. De pt. 


insecticides this would not have been 
feasible for many plants. 

Natural field occurrence of a disease 
for testing breeding lines is often too 
uncertain to depend upon. Therefore, 
the pathologist and the breeder—they 
are often the same man—began develop- 
ing better methods 25 years or more ago. 
Artificial distribution of disease-causing 
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agents was tried in outdoor plots. Some- 
times it was fairly successful. Some- 


times it completely failed because the 
weather or some other factor was un- 
favorable for infection and development 
of the disease. Even heavy soil infes- 
tation with normally persistent  soil- 
borne pathogens proved unsatisfactory. 
Time, money and effort were often lost 
heavily because of the vagaries of nature. 
Field inoculation on a rather large 
scale is, however, fairly satisfactory in 
some instances, especially when aided by 
special devices and by carefully timed 
plantings designed to take advantage of 
seasonal variations in weather. The in- 
vention and availability of sprinkler 
irrigation equipment have been a big 
help. With it highly localized “ wet 
spells” are produced in the field to in- 
sure equally localized epidemics of cer- 
tain diseases, following either natural 
or artificial inoculation. Wheelbarrow- 
type high-pressure sprayers powered with 
small gasoline motors are ideal for appli- 
‘ration of inoculum as well as of pesti- 
cides. Motor-driven air compressors are 
used to discharge water suspensions of 
abrasives from large “ atomizers”’ for 
producing a controlled degree of me- 
chanical injury to plants to facilitate 
infection with viruses or other agents. 
It may be protested that these devices 
are only common mechanical gadgets of 
no scientific importance. In the hands 
of ingenious pathologists and breeders, 
however, they are substantially aiding 
scientific progress in breeding work. 
The difficulty of testing for disease re- 
sistance in the field was mentioned in a 
preceding paragraph. Beginning about 
1920, but chiefly since 1935, an increas- 
ing proportion of vegetable breeders and 
pathologists have been virtually aban- 


Fic. 5 (Upper). 
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doning the field in favor of the green- 
house for conducting the more exacting 
phases of breeding for disease resistance. 
This move indoors is no mere expensive 
fad or faney on the part of pampered 
workmen who are looking for more elab- 
orate ways of spending their employers’ 
money. It has come about for sound 
reasons of economy and efficiency. By 
procedures and controls worked out for 
use in the greenhouse successes have 
been attained quickly where field condi- 
tions led to failure or only partly satis- 
factory results after prolonged expensive 
effort. 

For any crop and disease combination, 
a specialized greenhouse method of de- 
termining resistance is worked out that 
is fast, precise and economical. It must 
give results that are clear-cut and readily 
reproducible and that accurately indi- 
‘ate how plants will react when attacked 
by che disease in the field. Soil, soil 
temperature and moisture, air tempera- 
ture and moisture, light, conditions of 
test plant when inoculated, strains of 
the pathogen, method of culture and pre- 
paring the pathogen for use as inoculum, 
method of inoculation, and the time ele- 
ment for each operation, all must be 
handled properly. Methods are sought 
that can be used effectively on small 
seedling plants whenever possible to save 
time and space. Several such methods 
are now in current use by various 
workers. With some of them more de- 
pendable data can be obtained on a few 
square yards of greenhouse bench in 
three weeks than can be obtained on an 
acre in the field in a year (Figs. 7 and 8). 

Such precision methods effect enor- 
mous savings in the first evaluation of 
hundreds or thousands of introductions, 
for example, that must be tested for dis- 


Delivering artificially reared blow-flies to a small cloth cage enclosing a 


female (male-sterile) and a male inflorescence of onion. The operator, Dr. H. A. Jones, developed 


the principles and methods for the production of F; hybrid onion seed. 


Fic. 6 (Lower). 
the greenhouse. (U.S. Dept. Agr. photo). 


(U. S. Dept. Agr. photo). 


Hundreds of individually controlled insect pollinations of onion plants in 
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ease reaction. They are equally valu- 
able in genetic studies and in the final 
evaluations of resistance in prospective 
new varieties. The precision and de- 
pendability of these controlled tests are 
even more important than the numbers 
of plants that can be handled quickly in 
a small space. 

Among the vegetable diseases that 
have yielded or are yielding to such 
special greenhouse methods as a part of 
breeding are the fusarium wilts of cab- 
bage (Brassica oleracea var. capitata L.) 
and related plants, tomato, watermelon, 
sweetpotato and peas; bacterial blights, 
anthracnose, powdery mildew and rusts 
of beans; pink root of onion; curly top 
of tomato; powdery mildew of musk- 
melon; alternaria and gray leafspot of 
tomato; white rust and blue mold of 
spinach; anthracnose of watermelon; 
and a large number of virus diseases of 
many crops. 

In breeding for cold hardiness me- 
chanical refrigeration devices are used 
to produce exactly the degree of cold 
desired. Seedlings can be subjected to 
cold for short times in conventional cold 
storage rooms to test them. For some 
purposes, however, rather large plants 
must be tested. In these instances porta- 
ble units have been used to freeze suc- 
cessive segments of rows or small plots 
growing in the field. Immersion methods 
have also been developed for quickly 
chilling the tops of small plants in pots 
or flats of soil. 


New Organization of Breeding 
Work 


Many breeding tasks now require such 
a variety of special skills and knowledge 
that it is hardly reasonable to expect 
one lone worker to deal with all of them. 
An increasing proportion of the major 
problems is being attacked by teams of 
workmen. For example, in breeding for 
resistance to an obscure virus suspected 
of being transmitted by an insect, the 
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help of both a pathologist and an ento- 
mologist may be needed by the breeder. 
If they are dealing with a crop that is 
usually processed, they may also have 
the aid of a chemist and a food processor 
at times. 

An even more common kind of joint 
action has developed in the past 25 
years. Because varieties are desired that 
will be well adapted over large regions— 
the entire nation if possible—the breeder 
must keep large regions or large seg- 
ments of an industry constantly in mind. 
He wants to be sure, even during the 
course of developments, that his poten- 
tial new varieties will have prospective 
value for many widely separated dis- 
tricts. Therefore, with our major vege- 
table crops, such as potatoes, sweet corn, 
sweetpotatoes, tomatoes, onions and 
beans, we find not a number of isolated 
individuals working without regard for 
the others, but some highly integrated 
cooperative enterprises involving scores 
of men. Most of these large “ pro- 
grams’, such as the National Potato 
Breeding Program, are organized and 
operated with considerable informality, 
but they are no less business-like and 
effective for that. Free interchange of 
breeding materials, data and ideas is the 
rule. Periodic gatherings for study of 
test plots and for discussions of difficul- 
ties and progress speed the work of the 
whole group. Several such groups com- 
pile exhaustive annual or other periodic 
reports for all participants. 

Most of integrated 
efforts are carried on 
workers in State and Federal research 
agencies, but as the final stages of 
testing a prospective new variety are 
reached, the aid of numerous private 
interests becomes essential. Crops for 
processing must be tested under practi- 
cal operating conditions; crops for fresh 
market must be shipped and marketed 
in quantity; and the seed-producing 
properties must be determined in the 
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Fic. 7. Inoculating breeding lots of tomato plants by dipping the roots in a suspension of 
a pure culture of the fungus that causes Fusarium wilt. The plants are transplanted into soil 
kept at a constant high temperature by electric soil-heating cable to insure maximum develop- 
(U.S. Dept. Agr. photo). 


of the disease. 
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seed-growing districts of the country. 
Commercial canners, freezers, shippers, 
growers and seedsmen help determine 
whether a new variety is good enough to 
release to the public. Their facilities 
and their judgments are of great value. 
How a new variety will fit into the vari- 
ous parts of the vegetable industry can 
be determined efficiently only by such 
concerted study. The total pattern of 
effort is far different from that of a half 
century ago when only a few private 
breeders were each working more or less 
alone by simple empirical methods. 

Several private seed firms maintain 
large breeding departments under thor- 
oughly trained technical leadership. 
Many of our best modern varieties have 
come from private hands. 


Some Substantial Recent Varietal 
Improvements 


It is neither practical nor necessary 
to attempt a listing of all the varietal 
improvements in the past 25 to 50 years. 
To keep this list of vegetable breed- 
ing accomplishments within reasonable 
bounds it will be confined chiefly to ex- 
amples of rather outstanding change, 
such as development of high resistance 
to disease or great increase in yield. 

Some of the varieties mentioned are 
not important commercially because of 
one lack of superiority or another, but 
are listed as instances of progress made 
in a particular direction. None of the 
new varieties listed here is seriously de- 
ficient in horticultural properties. Often, 
however, the gain of pest resistance, 
yielding capacity or other especially 
needed property is accompanied by some 
other feature that is rated only average 
or somewhat inferior to the best. 

Asparagus. Mary Washington, the 
first commercially important rust resist- 
ant variety (about 1915), has long been 
the dominant variety in most parts of 
the United States. 

Bean, lima. In the last 20 years the 
productivity, attractiveness and adapta- 
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bility of lima beans of high quality have 
been improved. Large-seeded Fordhook 
types, such as Fordhook 242 and Con- 
centrated Fordhook, have been made 
more productive and suited to mechani- 
‘al harvesting for processing. Progress 
is being made in developing resistance to 
nematodes and to downy mildew. 

Bean, snap. Some of the most popu- 
lar varieties developed since 1925 are 
high in quality and were formerly highly 
productive, but are losing favor because 
of susceptibility to diseases, especially 
to mosaics. Only disease-resistant kinds 
are listed here. 

U.S. No. 5 Refugee (1935) was one 
of the first snap beans highly resistant 
to common bean mosaic. It is not 
widely available commercially now, but 
is a parent of several resistant sorts. 
Contender, Flight, Florida Belle, Idaho 
Refugee, Logan, Ranger, Rival, Toperop 
and Wade are all mosaic-resistant bush 
varieties, most of them less than ten 
years old. Some are of major commer- 
cial importance. 

Alabama No. 1 (1933) is a nematode- 
resistant pole bean for home gardens in 
the South. 

Strains of Kentucky Wonder, an old 
variety of pole bean, have been devel- 
oped that are resistant to some forms of 
bean rust. 

Some resistance to blights, powdery 
mildew and curly top has also been de- 
veloped, but to date either the resistance 
is low or varietal suitability is low. 

Beet, garden. In the past 25 years 
strains have been developed especially 
for canning and to suit market prefer- 
ences for short tops, but several of the 
old sorts are still dominant, such as 
Crosby Egyptian and Detroit Dark Red. 

Broccoli, sprouting. This excellent 
vegetable, ancient though it is, was 
hardly known in most of this country 
30 years ago. For some years only one 
variety was commonly listed—Italian 
Green Sprouting. Now a half dozen 
fairly distinct varieties are available for 


Fic. 8 (Upper). Testing tomato progenies for resistance to Fusarium wilt. Susceptible plants 
are stunted or dead; resistant ones are large and thriving. (U.S. Dept. Agr. photo). 

Fic. 9 (Lower). Dr. Ross C. Thompson points out the results of selection for slow bolting 
in lettuce. All the plants are of the same age and have been grown under the same conditions. 
(U.S. Dept. Agr. photo) 
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different seasons or purposes. Varieties 
with large central flower clusters are 
available for market and others with 
small clusters as desired by the new 
quick-freezing industry. 

Cabbage. At intervals of one to five 
years since 1916, a series of yellows- 
resistant varieties of cabbage has been 
introduced, ultimately embracing every 
important market type—pointed, round, 
flat, early, medium, late, green and red 
kinds. The degree of resistance in some 
has been increased to virtual immunity. 
In the past ten years some resistance to 
mosaic has been incorporated into a few 
of these. Marion Market, Resistant 
Golden Acre, Globe, Wisconsin All Sea- 
sons and Wisconsin Ball Head are the 
best known yellows-resistant sorts. 

Cantaloup. One of the most spectacu- 
lar successes of the breeder of truck crops 
has been the development of powdery- 
mildew-resistant cantaloups that liter- 
ally prevented destruction of the indus- 
try in the Imperial Valley. Powdery 
Mildew Resistant Cantaloup No. 1 
(1931) was the first and No. 45 (1935) 
the best of those resistant to race 1 of 
the mildew. About 1940 race 2 of the 
mildew compelled development of varie- 
ties resistant to the two races. Powdery 
Mildew Resistant Cantaloup No. 5 and 
No. 6 are the best known of these. Re- 
sistance came from a commercially 
worthless form introduced from India. 

Texas Resistant No. 1 is resistant to 
downy mildew and V-1 is tolerant to 
sulfur dust as used to control mildew. 
Georgia 47 is resistant to downy and 
powdery mildews and to aphids. 

Carrot. Although some old varieties 
are still popular, newer, longer, more 
nearly cylindrical, highly colored varie- 
ties are dominant. Red Core Chante- 
nay and Imperator are currently most 
popular. 

Celery. As vegetables go, celery as a 
green salad crop is a comparative new- 
comer. Varieties and varietal prefer- 
ences have changed markedly in the past 
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50 years. The old dark green varieties, 
such as Giant Pascal, required blanch- 
ing to remove a too strong flavor. In 
the 1930’s, however, a very high quality 
green Pascal type called Utah was de- 
veloped by Chinese gardeners near Salt 
Lake City. It is of the highest quality 
and requires no blanching. New varie- 
ties of the “ golden” or easy-blanching 
type that are resistant to celery yellows 
have been developed; among them are 
Michigan Golden Yellows’ Resistant 
(1935), Cornell No. 19 and Florida 
Golden. Several new yellows-resistant 
green varieties are now available, includ- 
ing Utah mentioned above. 

Corn, sweet. In the past 25 years 
more breeding work has probably been 
done with sweet corn, especially by pri- 
vate breeders, than with any other vege- 
table. At any rate, we now have a truly 
bewildering array of F, hybrids from 
which to choose. So little attention is 
being given to open-pollinated varieties 
that there is danger that 
characteristics of the old varieties may 
be lost. 

The hybrid corn story has been well 
told so often that no repetition is justi- 
fied here. Suffice it to say that the first 
F, hybrid sweet corn, Red Green, was 
introduced in 1926, to be promptly dis- 
placed by much better ones. Golden 
Bantam (1933), another among 
the first commercial hybrids, is by far 
the most important single variety or 
hybrid of sweet corn ever produced. It 
is resistant to bacterial wilt and out- 
standing for its remarkably wide range 
of adaptability and its high quality and 
yield. Several of the more recent hy- 
brids may outyield it in one place or 
another, but often at the expense of 
quality. Processors and growers for 
market, alike, grow it more extensively 
than any other. 

Yellow sweet corn was not popular 
before the introduction of the little eight- 
rowed Golden Bantam (1902). Its out- 
standing quality attracted attention to 
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the possibilities of yellow varieties, but 
their gain in popularity was relatively 
slow until the introduction of Golden 
Cross Bantam and other highly produc- 
tive yellow hybrids of superior quality. 
Now yellow kinds are grown much more 
than white ones, nearly five to one. 

The outstanding contributions of the 
sweet corn breeder in the past 25 years 
have been (a) marked increases in yield 
through the use of the F,; hybrid, (b) a 
high degree of uniformity—by the same 
device—that is of special value to the 
mechanized growing, harvesting and 
processing of the crop, (c) development 
and maintenance of excellent eating 
quality and retention of that quality 
through the processing factory, and (d) 
resistance to bacterial wilt in early and 
midseason varieties, formerly all sus- 
ceptible. Commercial production has 
been extended farther north in Canada 
and deeper into our own South. A high 
degree of resistance to corn earworm and 
to a few diseases other than bacterial 
wilt is still to be attained. 

Cucumber. Attractive improvements 
in shape and color are evident in such 
relatively new varieties of cucumber as 
Cubit, Colorado and Straight-8.  Pal- 
metto and Santee are two new sorts re- 
sistant to downy mildew, a disease that 
cuts the bearing season short in many 
parts of the country. York State and Ni- 
agara are somewhat resistant to mosaic. 

In the past few years some desirable 
F, cucumber hybrids have been listed by 
seedsmen. Burpee Hybrid is resistant 
to mosaic. Since, however, in producing 
the hybrid seed, the male flowers of the 
female parent must be removed by hand, 
it is expensive for ordinary field use. 

Eggplant. Breeders in the northern 
States have produced Badger State and 
New Hampshire Hybrid, two small- 
growing early varieties of eggplant that 
can be grown successfully considerably 
farther north than older sorts. Florida 
Beauty and Florida Market, two new 
varieties, are resistant to Phomopsis. 
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Lettuce. In the 1920’s brown blight 
and lettuce mildew threatened to wipe 
out the lettuce industry of the Imperial 
Valley. From 1926 on, varieties that are 
resistant to brown blight and to some 
races of mildew have been released. 
These varieties must have not only dis- 
‘ase resistance and productiveness but 
suitability for shipping, up to 3000 miles 
tomarket. Among these are Imperial D, 
Imperial F, Imperial 13, Imperial 17, 
Imperial 152, Imperial 615 and Imperial 
847. They are all resistant to brown 
blight and each is especially suited to 
one season or another or one district or 
another in the western lettuce-producing 
areas. Imperial 17, for example, is for 
midwinter harvest in the Imperial Val- 
ley and was bred to reach harvest during 
a short period of a few weeks when it is 
too cold for other varieties acceptable to 
the market. 

Great Lakes is related to the Imperial 
strains and is somewhat more widely 
adapted; it is grown in the Northeast, 
North Central and Western States. 

Although the Imperial varieties differ 
very widely in their climatic require- 
ments, and therefore in behavior, they 
were all bred to look much like New 
York, the most popular market type be- 
fore brown blight struck. The Imperials 
are all sold as “ Ieeberg’ 

High temperature is a major handicap 
that prevents profitable commercial cul- 
ture of lettuce in the East and many 
other parts of the United States. Too 
warm weather retards growth, hastens 
“bolting ”, or shooting to seed (Fig. 9), 
causes tip burn and impairs flavor. Slo- 
bolt (1946) is a curly, leaf lettuce that 
stands heat much better than other 
kinds. Progress (1948) is a head lettuce 
with some tolerance for warm weather. 
Interspecies hybrids are being explored 
as means of combining heat and disease 
resistance with good eating quality. 

Okra. Varieties of okra that were 
available before the 1930’s bore pods 
that were covered with harsh micro- 
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scopic “spines”. These spines gave a 
dull unattractive appearance to the sur- 
face of the pod and were somewhat irri- 
tating to the hands. Now “ spineless ’ 
strains of most types are available, such 
as Clemson Spineless, Perkins Spineless 
and Lady Finger or White Velvet. They 
are more attractive and pleasant to han- 
dle than the old kinds. 

Onion. The development of commer- 
cial supplies of F, hybrid onion seed is 
the most noteworthy advance in vege- 
table breeding—as breeding—in a quar- 
ter-century (Fig. 10). Although the 
benefits and advantages of F,; hybrid 
onions are basically the same as those 
of F, hybrid sweet corn, the breeding 
principles are different and the breeding 
practices are more exacting. 

Onion flowers are normally bisexual. 
Because the flowers are very small it is 
quite impossible to emasculate them on 
a field scale, as corn plants are emascu- 
lated simply by tassel removal. There- 
fore, controlled cross-pollination of onion 
for the production of F; hybrid seed had 
to be based on the use of female parent 
lines that produce no pollen capable of 
fertilization. 

In 1925 a male-sterile character that 
is due to separate sterility factors in both 
cytoplasm and nucleus was found in 


onion. The cytoplasmic factor is trans- 
mitted only by the female parent. 
Further search revealed other onions 


that bear a factor for male fertility in 
their cytoplasm and factors for sterility 
in their nuclei, but that are always male 
fertile because of the cytoplasmic fer- 
tility factor. By crossing these two 
types, seed from the male-sterile parent 
that produces male-sterile plants only is 
obtained. Thus two lines—now called A 
and B lines—must be used to perpetuate 
the chosen female parent by seed. Male 
parents to be used in producing commer- 
cial F, hybrid seed need not involve 
these unusual types of sex inheritance, 
but of course must be male fertile and 
capable of producing good hybrids. 
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The required factors for sex-inherit- 
ance are now incorporated into parent 
lines of most of the important commer- 
cial types. Private seed firms are pro- 
ducing tens of thousands of pounds of 
F, hybrid onion seed at prices that com- 
pete with those of ordinary seed. Onion 
growers probably will soon have almost 
as bewildering a list of choices of hy- 
brids as sweet corn growers have. The 
best, to date, are very striking in their 
beautiful uniformity and freedom from 
culls as well as in their yielding capacity. 

Striking as the hybrid story is, we 
should not let it entirely overshadow 
other progress made, as improving yield, 
resistance to bolting, freedom from splits 
and doubles, storage quality, color and 
flavor. Excel, or Bermuda 986, and Utah 
Sweet Spanish are examples of improve- 
ments effected through inbreeding and 
selection followed by massing of the 
progenies to restore vigor. 

Pea. Despite the long list of English 
or garden pea varieties produced in this 
country in the past 25 years, the princi- 
pal varieties now grown are old ones like 
Alaska, Perfection and Thomas Laxton. 
Some improvements in color and quality 
have been made, especially for adapta- 
bility to quick-freezing. The most sig- 
nificant change, however, in more than 
50 years has been the development of 
Fusarium resistance. 

In the late 1920’s the nature of in- 
heritance of resistance to Fusarium wilt 
was determined. Many old varieties 
were found to contain plants typical of 
the variety but also resistant. Stocks of 
these varieties were quickly developed 
that possessed uniformly high resistance; 
among them were Alaska, Ameer, First 
and Best, Alderman, Daisy or Dwarf 
Telephone, Premium Gem and Prince of 
Wales. Most new varieties developed 
since are highly resistant. 

Little attention is now devoted to 
varieties for fresh market in this country 
because high costs of labor (for picking) 
and marketing have reduced market pea 
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production to a low level. Fresh market 
peas cannot compete very successfully 
with the best processed peas produced 
by large scale mechanized methods. 
Pepper. Most of our pepper varieties 
are 50 years to hundreds of years old. 
Harris Early Giant (1920) and Wind- 
sor-A (1937) represent worthwhile gains 
in earliness of sweet “ bell” type pep- 


Fic. 10. 
Italian Red 13.53 (left) and Lord Howe Island (right) hybrid onions. 


pers. They are better adapted to the 
northern States than most others. Cali- 
fornia Wonder (about 1928) and World 
Beater (about 1920) are standard sorts 
of “bell” pepper that are popular be- 
cause of their nice symmetry, thick flesh 
and productiveness. The Truhart strain 
of Perfection pimento (1943) is intended 
primarily for canning in the South. Im- 
proved Chile No. 9 (about 1920) was 


THE VEGETABLE 


INDUSTRY 337 
selected for resistance to Fusarium wilt, 
a serious disease in many parts of the 
Southwest where chili peppers are prin- 
cipally grown. 

Pumpkin. ‘Two very early little pump- 
kins, Early Cheyenne and Cheyenne 
Bush, have been developed for the high, 
dry, central and northern parts of the 
Great Plains. 


Dr. H. A. Jones displays California Hybrid Red No. 1 (middle) and parent varieties. 


(U. S. Dept. Agr. photo). 


Squash. All types and most varieties 
of squash, as well as pumpkins and pep- 
pers, have been known for a long time. 
Most squash varieties have been either 
adapted with little change from the 
North American Indians or brought in 
from Latin America. Some recent de- 
velopments are, however, worth mention 
here. 

Buttercup (1932), an early small vari- 
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ety of the turban type, was bred in 
North Dakota to give an edible product 
comparable to the sweetpotato which 
cannot be grown there successfully. 
Butternut (1944), developed from the 
Large Cushaw, is a small sort that is 
popular for baking because of its good 
quality and convenient size. 

Recent articles suggest that straight- 
ening the neck of the Giant Summer 
Crookneck is something new. Giant 
Summer Straightneck was listed by 
seedsmen in 1896 and soon all but for- 
gotten for 30-odd years. It is now popu- 
lar, along with similar strains: Yankee 
Hybrid (1941) is an F, hybrid “ straight- 
neck”? squash noted for high yields of 
early fruit. Connecticut Straightneck 
and Early Prolific Straightneck are the 
parents. Uconn (1950) bears fruits some- 
what suggestive of the old well-known 
Table Queen, but on a “ bush ” plant in- 
stead of on long vines as Table Queen is 
borne. A long list of variants of the old 
Italian Vegetable Marrow, or Cocozelle, 
has recently appeared. They are attrac- 
tive and differ from the old type to some 
degree in fruit size, color, shape or earli- 
ness, but represent no very striking re- 
combinations or additions of characters. 

Spinach, Virginia Savoy (1920) is one 
of the outstanding early successes in 
breeding for resistance to disease, mosaic 
in this instance. Resistance came from 
a “wild” form of spinach found in Man- 
churia. Old Dominion (1930) is also 
mosaic-resistant, having Virginia Savoy 
as one of its parents. Virginia Savoy is 
suited only to fall culture, while the 
latter may be grown in the spring. Most 
of the other varieties now important in 
this country were imported from The 
Netherlands and Denmark in the 1920's 
and 1930’s: Bloomsdale Long Standing, 
Dark Green Bloomsdale, Giant Nobel, 
King of Denmark and Viking. These 
produce higher yields and less waste, are 
more attractive and remain in harvest- 
able condition longer than the older 
varieties. 


Work is now going on to develop varie- 
ties resistant to blue mold and white rust 
of spinach. 

Tomato. Marglobe (1925) was the 
first commercially important Fusarium- 
resistant variety of tomato, and the most 
important single variety from about 
1927 until 1940 when Rutgers (1934) 
surpassed it. These are still the two 
most extensively grown tomatoes in this 
country. Although their resistance to 
Fusarium wilt is not so high as the vir- 
tual immunity of Pan America (1940), 
it is high enough to protect against loss 
in most situations. Pan America is supe- 
rior only under conditions of severe 
wilt. Some other resistant varieties that 
are available commercially are Norton 
(1917), Break o’Day (1931), Pritchard 
(1932), Jefferson (1948), Southland 
(1949) and Sunray (1950), a yellow 
variety. 

Pan America is the first variety of 
tomato known to have been developed 
from an interspecies hybrid. Its resist- 
ance came from a little wild “ currant ” 
tomato from Peru. 

Southland has resistance to collar rot 
and some resistance to one form of late 
blight. Manahill is resistant to Fusarium 
wilt, and somewhat resistant to Alter- 
naria and gray leaf spot. 

In the northern States, especially the 
Great Plains, several small-growing very 
early varieties have been developed in 
recent years. Such varieties as Bison, 
Firesteel, Victor and Bounty produce a 
large number of rather small fruits dur- 
ing a short bearing period. Only such 
varieties can produce even a fair yield 
in the relatively short and unfavorable 
season of the region for which they were 
developed. 

Pearson (1936), the principal process- 
ing variety in California, is also grown 
for fresh market. It is adapted to west- 
ern climate and to culture under irriga- 
tion and produces large fruits of high 
solids content and excellent color. It is 
not suited to the East, and the principal 
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eastern varieties are not suited to the 
West. 

Watermelon. The Conqueror (1911) 
watermelon was the first variety of a 
truck crop that was purposefully devel- 
oped by hybridization and selection for 
resistance to a specific disease. Origi- 
nating from a cross between citron and 
watermelon, it was resistant to Fusarium 
wilt, but such a poor melon for eating 
that it was a failure commercially. From 
1930 on, however, an imposing list of 
wilt-resistant watermelons appeared, 
many of which have now been dis- 
placed. Among the better ones now 
available are Blacklee, Resistant Dixie 
Queen, Hawkesbury (from Australia), 
Kleckley Sweet No. 6, Klondike R 7, 
Miles, Stone Mountain No. 5 and Thur- 
mond Gray. The Congo (1950) is highly 
resistant to anthracnose. 

Several widely read popular articles in 
the past few years have given the idea 
that small “ icebox ”’ 
something new. 


watermelons are 
Although some new 
varieties of these have appeared in the 
past 20 years, small watermelons are by 
no means new. Northern Sweet (1932) 
and White Mountain (1948), two of this 
type, were developed in the northern 
States for growing where the season is 
too cool and short for the large varieties. 

Shippers have in recent years pled 
with watermelon breeders to produce a 
variety that would be not only good to 
eat but also resistant to breakage during 
handling and shipment. Congo is such 
a variety. Incidental to its development 
it was found that the firmness of flesh 
rather than hardness of rind gives resist- 
ance to breakage. 

Potato. The famines of the 1840’s in 
Ireland, due to the loss of the potato 
crops from late blight, gave the greatest 
urgency to the search for blight-resistant 
potatoes. Breeding for disease resist- 
ance started more than 100 years ago, 
and the first fairly good blight-resistant 
varieties were obtained in Europe nearly 
50 years ago. Since the European re- 


sistant sorts were well suited to neither 
our cultural conditions nor our tastes, 
they never became popular here. Fur- 
thermore, less serious attacks of blight 
here and the development of fungicides 
delayed extensive efforts to breed dis- 
ease-resistant varieties in America until 
about 30 years ago; then the first great 
efforts were directed toward resistance 
to viruses because they were causing 
greater losses than blight. 

In the 1870’s and 1880’s many varie- 
ties were introduced that were dominant 
for more than 50 years. Familiar old 
varieties, such as Burbank, Dakota Red, 
Karly Ohio, Early Rose, Green Moun- 
tain, Irish Cobbler, Rural New Yorker 
and Triumph, all go back to that period. 
Most of these had—or still have—good 
to excellent eating quality and were 
reasonably productive before diseases 
became very serious. They are all so 
susceptible to so many diseases, how- 
ever, that even those few now of com- 
mercial importance will be replaced in 
a few years. Burbank, Green Mountain 
and Rural New Yorker, among the most 
important late varieties for 50 to 75 
years, are finally on the way out. Irish 
Cobbler and Triumph, two early-season 
varieties, are the most persistent of the 
lot and still are perhaps the second and 
third most important varieties. 

In the past 20 years about 40 varieties 
resistant to one or more diseases cur- 
rently important in this country have 
been introduced by American breeders. 
About half of these have attained com- 
mercial importance in one or more sec- 
tions of the country. Still better ones 
are appearing at short intervals. As 
examples: 

Katahdin (1932) was the first really 
important new variety in America in 
nearly 50 years. It is resistant to mild 
mosaic and virtually immune _ from 
brown rot and net necrosis. It is the 
leading variety today. 

Chippewa (1933) is virtually immune 
from net 


necrosis and mild mosaic. 
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Houma (1936) is resistant to wart, mild 
mosaic and net necrosis and tolerates 
drought somewhat better than most va- 
rieties. Red Warba (1939) is immune 
from mild mosaic. Sebago (1938) is 
highly resistant to mild mosaic and yel- 
low dwarf and has some resistance to net 
necrosis, late blight, brown rot and scab. 
Pontiac (1938) is especialy adapted to 
muck soils and is somewhat resistant to 
net necrosis. Sequoia (1939) is resistant 
to the effects of leafhoppers and flea 
beetles and has some resistance to brown 
rot, Verticillium wilt and late blight of 
the leaves only. Mohawk (1943) is im- 
mune from mild mosaic. Menominee 
(1944) is resistant to scab, mild mosaic, 
Verticillium wilt and late blight; Teton 
(1946) to ring rot and mild mosaic; and 
Calrose (1946) to late blight and mild 
mosaic. Kennebec (1948) promises to 
be one of the most important new ones— 
it resists late blight, mild mosaic and net 
necrosis and is a very high yielder. Essex 
and Chenango are productive late varie- 
ties which are immune from the common 
forms of late blight. 

When it is realized that of the old 
varieties only Irish Cobbler is resistant 
to any of the several important diseases 
in this country—only to mild mosaic— 
the magnitude of the progress of recent 
years becomes clear. About half of the 
certified seed potatoes consist of these 
new varieties developed in the National 
Potato Breeding Program. 

Some have claimed that the new varie- 
ties are not equal to the old ones in 
quality. When any variety of potato is 
grown in a season or place to which it is 
not adapted, its quality is likely to be 
somewhat inferior. When, however, a 
variety is properly grown under suitable 
conditions, it develops its best quality. 
Many of the new sorts are quite as suit- 
able for specific purposes as the old ones 
or better when well grown in the dis- 
tricts for which they are recommended. 
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Domestic Essential Oils. In addition to 
the many kinds of essential, or volatile, oil 
imported into the U.S.A., or extracted here 
from imported plant materials, the following 
are produced from domestic sources: 

From wild plants. This comparatively 
small category consists of cedarleaf oil ob- 
tained from the leaves and small branches 
of northern white-cedar (Thuja occidentalis) 
in northern New York, Vermont, New 
Hampshire and Maine; erigeron oil from 
erigeron, or horseweed (Erigeron canadensis), 
as a side line of mint growers; sassafras oil 
from the roots and stumps of common sassa- 
fras (Sassafras albidum) in Kentucky, Ten- 
nessee, North Carolina, Virginia and southern 
Indiana and Ohio; sweet birch oil from 
black, birch (Betula lenta) in 
north-central and eastern Pennsylvania, in 
the Connecticut Valley and in the southern 
Appalachian region of Tennessee, North 
Carolina and South Carolina; wintergreen oil 
from wintergreen (Gaultheria procumbens) 
principally in Carbon and Luzerne Counties 
in Pennsylvania; and witeh-hazel oil, pro- 
duced not as such but as part of the steam 
distillate from twigs of witch hazel (/ama- 
melis virginiana) in Connecticut. 

From cultivated plants. Peppermint 
(Mentha piperita) and spearmint (M. spi- 
cata) oils are the most important of this 
group. In 1950 the total acreage devoted to 
both was 61,800 aeres, of which 42,100 acres 


sweet, or 


were in the Midwest (Indiana and Michi- 
gan), 19,700 acres on the Pacific Coast (Ore- 
gon and Washington). That year 1,622,000 
pounds of peppermint oil and 478,000 pounds 
of spearmint oil were produced. The other 
oils in this category are those of dill (Ane- 
thum graveolens), Japanese mint (Mentha 
arvensis var. prperascens), lemon grass (Cym- 
bopogon spp.), tansy (Tanacetum vulgare), 
wormseed (Chenopodium ambrosioides var. 
anthelminticum) and wormwood (Artemisia 
absinthium). 

Obtained as by-products in other indus- 
tries. Cedarwood from the heartwood of 
eastern red cedar (Juniperus virginiana); 
lemon, orange and grapefruit oils; apricot 
and bitter almond oils; and hop oil. (A. F. 
Sievers, U. S. Dept. Agr., Tech. Bull. 16, 
Revised March, 1952). 


Ash Baseball Bats. Of the 4% million 
baseball bats of all grades produced annually 
in the United States, about one-third are 
made of white ash growing in and around 
Warren County in northwestern Pennsyl- 
vania, and the best of them are of this wood 
which has superseded hickory as the wood 
par excellence for the purpose. The wood is 
furnished by the producers in Warren 
County in the form of billets to the bat 
manufacturers, the two foremost of which 
are in Louisville, Ky., and Dolgeville, N. Y. 
(Anon., Am. For, 58(4): 18. 1952). 


Indian Podophyllum 


Since Indian Podophyllum is very rich in a resin of 
cathartic action, it has been the subject of several 
botanical, chemical and pharmacological investigations, 
and has been admitted to the British Pharmacopoeia but 
not yet to that of the United States. 
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Podophyllum is an herbaceous genus 
of the family Berberidaceae and was 
established by Linnaeus on the basis of 
the only North American species, which 
he named P. peltatum. The generic 
name was selected in allusion to the 
shape of the leaves which supposedly 
resemble a duck’s foot. 

In 1824 Wallich found a species at 
Gopamthum in the Nepal region of the 
astern Himalayas, and designated it P. 
emodi. Several specimens of Podophyl- 
lum were later collected in the north- 
western Himalayas. In 1839 Royle found 
that those gathered in Kedarkanta dif- 
fered from P. emodi of Wallich, and he 
called them P. herandrum. Since then 
specimens of Podophyllum have been 
collected from time to time in several 
parts of the entire Himalayan range and 
have been indiscriminately labeled as P. 
emodi. In 1855 Hooker and Thomson 
reduced Royle’s P. hexandrum to P. 
emodi of Wallich. 

Podophyllum has a perennial rhizome. 
The part above ground is annual, emerg- 
ing about the middle of April with a 
reddish and succulent stem. The stem 
bears a pair of leaves which droop like 
two umbrellas from the top of the peti- 
ole. The stem becomes 15-30 em. tall 
before the leaves are fully developed. 
The leaves are about 25 em. wide and 
are often spotted. A bud arises from the 
stalk of one of the leaves and bears a 


Calcutta, India 


pinkish white flower in May. The fruit 
grows to the size of a lemon, ripens in 
August or September, with a_ bright 
orange color. When the leaves wither, 
it droops from the stout and naked stem. 

The names of specimens at the her- 
baria of the Indian Botanie Garden, 
Caleutta; of the Lloyd Botanic Garden, 
Darjeeling; and in the private herbarium 
of the naturalist, Mr. B. N. Ghosh, Dar- 
jeeling, are rather confusing. Even the 
diagrams of Podophyllum in several 
standard books do not appear to be good 
representatives. For instance, the dia- 
gram marked P. hexandrum in Jacque- 
mont’s book, Voyage dans |’Inde, pub- 
lished in 1844, closely resembles one 
mentioned as P. emodi in Hoenigberger’s 
book, Thirty-Five Years in the East, 
published in 1852. The herbarium sheets 
show that most specimens of Podophyl- 
lum collected from the eastern Hima- 
layas differ from those of the northwest- 
ern Himalayas, mainly in their leaves. 
The middle segments of most of the 
leaves of Podophyllum in the eastern 
Himalayas have no deep incisions, as do 
the leaves of those in the northwestern 
Himalayas. The sketch of a plant and 
also a photograph of a group of plants 
growing wild in Jaunsar, northwestern 
Himalayas, published in 1915 in Indian 
Forester, show positively that the leaves 
differ distinctly from those of true P. 
emodi. The photograph of the culti- 
vated P. emodi given in Kraemer'’s Scien- 
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tific and Applied Pharmacognosy (1915) 
bears a likeness to the species collected 
by Wallich. In consideration of the 
habitat and the marked difference only 
in the leaves, Royle’s hexandrum has 
been renamed a variety of P. emodi, i.e., 
P. emodi Wall. var. hexandrum (Royle) 
R. Chatterjee et Mukerjee (3). 

It is found that fully developed leaves 
of P. emodi, as represented in Fig. 1 of 
Plate 46 of Kirtikar and Basu’s Indian 
Medicinal Plants, corresponds to a ma- 
ture leaf of P. emodi Wall. var. hez- 
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Podophyllum emodi Wall. has an erect, 
shining, grooved stem, 30-50 em. tall, 
with a membranous scale near the base. 
The leaves are circular, to a certain ex- 
tent reniform, palmate and _ tripartite. 
Two in number, they are alternate, pel- 
tate and serrate. The central segment, 
10-14 x 6.5-8 em., is obovate, its base 
cuneate and its apex obtuse. The bases 
of the side segments, 12x9 ecm., are 
obliquely round. The petioles are 10-20 
em. long. A white or pink flower, 2.5-4 
cm. in diameter, develops on an erect 
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andrum (Royle). Fig. 2 of the same 
plate, with a flower, bears the likeness 
of some specimens collected by Jaeschke 
from Lahul, Kashmir.” Fig. 2 of the 
colored Plate No. 7 in Blatter’s Beauti- 
ful Flowers of Kashmir corresponds to 
this specimen which is known today as 
P. emodi Wall. var. Jaeschker R. Chat- 
terjee et Mukerjee (3). It seems that 
Fig. 1, which is marked P. emodi in 
Woodson’s Plate No. 46, published in 
the Annals of the Missouri Botanical 
Garden in 1928, does not closely re- 
semble any specimens of Indian Podo- 
phyllum. 


Map showing geographical distribution of Podophyllum in India. 


pedicel on the petiole of the upper leaf; 
it has six obovate-oblong petals, three 
deciduous sepals. The berry is orange 
or red, 2.5-5 em. in diameter, with a 
short style, and is elliptic or oblong. 
The rhizomes are creeping. P. emodi is 
distributed in Nepal and Sikkim at 
9,000 to 14,000 feet elevation; in Chitral 
at 8,000 feet, in Kashmir at 11,500 feet, 
in Jaunsar at 7,500 feet and in Garhwal 
at 13,000 to 14,000 feet. 

Besides this one species of Podophyl- 
lum growing in India and one in Amer- 
ica, several have been claimed as oc- 
curring in China. Woodson, however, 
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reclassified them under a new genus, 
Dysosma, and has reduced all the Chi- 
nese species—P. pleianthum Hance, P. 
versipelle Hance, P. Veitchu. Hemsl. «& 
E. H. Wils., P. Esquirolii Leveille, P. 
Onzoi Hayata—to one new combination, 
Dysosma pleianthum (Hance) Woodson. 
Of late three new varieties of P. emodi 
Wall.—viz., var. axillaris, var. bhootan- 
ensis and var. Jaeschkei—and a new 
species, P. stkkimensis, and its variety, 
major, have been added by the present 
writer (3) to the list of Indian forms: 


a) P. emodi Wall. var. hexandrum 
(Royle) R. Chatterjee et Mukerjee. This 
new combination is more or less similar 
to the type species, P. emodi Wall., with 
the main difference that it has leaf seg- 
ments which are deeply lobed, cuneate- 
acuminate, and with the veins prominent 
beneath. 

The plant grows extensively in the 
northwestern Himalayas: in Bashahar, 
9,000 feet; Chamba State, 7,000—9,000 
feet; Chenab Valley, 11,000 feet; Soon- 
derdunga Valley, 13,000 feet; Lahul, 
9,500 to 13,000 feet; Hazara, 10,500 feet; 
Kumaon, Gilgit, Chitral and Kedar- 
kanta, 9,000 feet. 

b) P. emodi Wall. var. arillaris R. 
Chatterjee et Mukerjee. This variety 
differs from the type species in having 
the two leaves opposite, and the flower 
stalk rising from or very near the com- 
mon axil of the two leaves. It is found 
in east Himalayas, in the Teesta Valley 
above Tangu, 13,500 feet, and in Sikkim, 
13,000 feet. 

c) P. emodi Wall. var. bhootanensis 
R. Chatterjee et Mukerjee. This variety 
differs from the type species in its stem 
being without scales, in its serrate or 
occasionally sub-entire leaves, and in its 
pedicel placed on the petiole very close 
to the lamina. It is found in Bhootan, 
14,000 feet. 


d) P. emodi Wall. var. Jaeschkei R. 
Chatterjee et Mukerjee. This variety is 
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a dwarf type of plant with a stout stem, 
ten em. tall, which is not grooved. The 
leaves are rarely serrate, and have short 
petioles, two em. long. This variety dif- 
fers from the type species in its dwarf 
size, very short petioles, practically en- 
tire leaves and stouter ungrooved stems. 
The leaves do not spread widely, and 
the flower appears to be looking over the 
leaves. It grows in Lahul, Kashmir. 

P. sikkimensis R. Chatterjee et Muker- 
jee has an herbaceous, shining, erect 
stem, 15-30 em. tall, with short loose 
and chartaceous scales near the base. 
The two leaves, six to eight em. wide, 
are alternate, orbicular-reniform, :pal- 
mate, six- to eight-partite, peltate, ser- 
rate, with depressed pelta, short teeth 
and lamina slightly cupped. The peti- 
oles are two to ten cm. long. This spe- 
cies usually has two pink flowers, cup 
shaped with drooping pedicels four cm. 
long, with six oblong petals one to two 
em. long. Its fruit is elliptic with short 
style. P. sikkimensis differs from P. 
emodi and its varieties in the scale which 
is loose, short and chartaceous, in the 
leaves with depressed pelta and lamina 
slightly cupped, and in the _ pedicels 
drooping and the number of flowers 
which is two. It grows in Shu lam bee, 
10,000 feet in the Sikkim Himalayas. 
P. sikkimensis var. major R. Chatterjee 
et Mukerjee differs in its grooved stem 
and all parts being much larger. It is 
found in Chumbi, Sikkim Himalayas. 

Roots form the greater part of Indian 
Podophyllum, about 75 percent by 
weight of the drug. They do not con- 
tain erystals of calcium oxalate, but 
starch grains are present in the paren- 
chyma of cortex and pith. The rhizomes 
of P. emodi and P. emodi var. hex- 
andrum are cylindrical, tortuous and 
knotty, whereas those of P. sikkimensis 
are globular. The cells of the cortex 
and pith of the rhizomes contain abun- 
dant starch grains, calcium oxalate crys- 
tals and occasional masses of resin. 


Crm Go bo 
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Podophyllum emodi Wall. 

P. emodi Wall. var. hexandrum (Royle) R. Chatterjee et Mukerjee. 
P. emodi Wall. var. axillaris R. Chatterjee et Mukerjee. 

P. emodi Wall. var. bhootanensis R. Chatterjee et Mukerijee. 
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History 


Use of Podophyllum as a drug cannot 
be found in ancient Hindu medicine, and 
Watt (6) was justified in writing: “ It 
was somewhat surprising that the natives 
of India who had discovered so many 
drugs, should have failed to detect the 
properties of Podophyllum roots”. It 
appears that in the Punjab the inhabi- 


Fic. 6 (Left). 
ic. 7 (Right). 


tants use the rhizome as a bile expellent, 
for the local names of Podophyllum, 
eg., “papra”, “papri”, “nirbash”, 
“ bhavan-bakra ” and “ bakra ”’, suggest 
that it is one of the bile-expelling plants, 
probably described by the ancient Hindu 
writers as “ parpata’”’ and its synonym 
“vakra”. The Deputy Conservator of 
Forests in Kullu was the first person to 
report that ground Podophyllum root 
was used as jalap (Report by Watt, 13th 
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December, 1889). The anthelmintic and 
emetic properties of the rhizomes of P. 
peltatum had long been known to the 
natives of North America. The Ameri- 
can species Was examined for its active 
principle and was introduced to the 
U.S. P. and B. P. long before 1888. 

In November, 1888, Watt went to 
Kullu where he collected some rhizomes 


and sent them to Dymock, Medical 


P. emodi Wall. var. Jaeschket R. Chatterjee et Mukerjee. 
P. sikkimensis R. Chatterjee et Mukerjee. 


Store Keeper, Bombay. Dymock had 
them analysed by Hooper, Quinologist 
to the Madras Government, and _ re- 
ported to Watt on December 26, 1888, 
“Dr Hooper got 12 per cent of resin 
(podophyllin) from it (the rhizome) 
when the yield from the American spe- 
cies, P. peltatum, is about 4 per cent 
only. Medicinally the resin acts just 
the same way as the official drug’ 
Dymock also suggested to Watt, “ As 
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podophyllin is by far the most popular 
purgative at the present time, your De- 
partment should take steps to collect 
some and put in the market”. Watt 
anticipated a good trade in the rhizomes 
and wrote on March 5, 1889, to Sir E. C. 
Buck, Secretary to the Government of 
India, Revenue and Agricultural Depart- 
ment, “It would seem highly probable 
that ... with a little encouragement, 
vouchsafed by the Government during 
the initial stage of the proposed new 
industry, a lucrative trade of the utmost 
value to the hill tribes of the Higher 
Himalayas might be organised”. He 
added further, “ It might even be thought 
worthwhile to carry upon a small experi- 
mental cultivation in order to ascertain 
if the root when so treated preserves its 
properties. The cultivation which alone 
might be found necessary would consist 
in planting and encouraging the growth 
of the plant over a limited area of forest 
country. The value of such a crop might 
thus be demonstrated to the poor culti- 
vators of the higher ranges who might 
thus be induced to furnish the root to 
the dealers. For example, since the 
plant exists sparingly on the northern 
slopes of the Shalai hill, Simla, its culti- 
vation in the higher municipal forests 
[now under custody of the Forest De- 
partment] would be possible and these 
forests are probably nearer the means 
of export than any abundant wild 
supply ”. 

The Government of India did not take 
up Watt’s suggestion in earnest. On 
March 20, 1889, Sir B. Simpson, the 
Surgeon General, wrote to the Secretary, 
Revenue and Agricultural Department, 
“Tf the Indian plant yield so much as 
12 per cent of Podophyllum Rezin and 
if the rezin be of good quality as the 
American drug, the initiation of a trade 
in the Indian drug will require very 
little help from Government. In the file 
there is a copy of a letter from Kemp 
and Co., Bombay, asking for 20 lbs. of 


the dried root. If this request were com- 
plied with and if a sample were to be 
sent to Messrs. Smith Stanistreet and 
Co. of Caleutta, I believe nothing more 
need be done by Government, private 
enterprise will do the rest. A sample of 


the root might also be sent to the Princi- 
pal Medical Store Keeper with the view 
of Government supplying itself with 
what Podophyllin it requires ” 


Fic. 8. P. sikkimensis var. major R. Chat- 
terjee et Mukerjee. 

Simpson said that Watt might be 
asked to collect the samples of Podo- 
phyllum rhizomes, to which Watt re- 
plied on April 18, 1889, “. . . There is 
no other but himself in Simla who knows 
the plant. Whoever collects the supply 
hereafter has to be taught by him to 
recognize it in the first instance. . . . If 
the Secretary approves he will go to the 
Shalai with a native collector. He 
can thus initiate one man into the secret 
and having done so employ him to col- 
lect a maund or two of the root ”. Watt 
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proposed studying the seasonal variation 
of the resin content to know the highest 
yield and best time of collection. ‘“ But 
it becomes necessary to discover the sea- 
son ’’, he continued, “ at which the best 
yield of resin can be obtained. The 
plant must now be 4 or 5 in. above 
ground and a sample should certainly be 
analysed at this stage. The native col- 
lector could be sent back every month 
or so to bring other samples and by 
autumn he will be in a position to pro- 
pose a definite arrangement to bring the 
root into market. . . . He believes it will 
be found that as in America, the root is 
in its best condition when in fruit, but 
this need not be the case, hence his pro- 
posal to have the plant periodically ana- 
lysed throughout the current season. If 
we send in stock of spring roots into the 
market and fet an unfavourable report 
which might have been otherwise with 
an autumn supply, ... we should greatly 
injure the future prospects of this new 
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a low figure we might be able to pur- 
chase quantity Another Bom- 
bay firm, Messrs. Bertie Smith and Co., 
informed the Conservator of Forests, 
Punjab, on August 12, 1891, “ The Ameri- 
can is landed in London at 2 d. per lb. 

it cannot be profitably worked up 
unless it (Podophyllum root) can be de- 
livered to us in Bombay at 2 as. 9 pies 
to 3 as. per lb. Can you collect a ton of 
the rhizome and deliver it in Bombay at 
the price we name? ”’ 

The order for this one ton or 27 
maunds of roots and rhizomes was exe- 
cuted after three years; on April 18, 
1894, the Revenue Secretary to the Gov- 
ernment of the Punjab supplied 22 
maunds and 12 seers of them, at the cost 
of collection of Rs. 196. 8 as. 6p., Le., 
about 2 as. per lb. He could not supply 
the remaining five maunds. It was 
found that the cost of collection from 
some parts of forests came on an aver- 
age 2 as. per lb. or Rs. 10 per maund as 


industry”. Watt collected some rhi- below: 

Date Quantity collected Locality Total cost Cost per maund 
23. 3. 1894 3 md. 35 sr. Chamba Rs. 39. 4 as. Rs. 10. 2 as. 
28. 3. 1894 4 md. 11 sr. Kullu 45. 8as. 9p. 10. 10 as. 
28. 3. 1894 5md. 8 sr. 10 ch. Punjab 49. 13 as. 9p. 9% 9as. 
18. 4. 1894 22 md. 12 sr. Punjab 196. 8 as. 6p. 8. 13 as. 


zomes during March, 1889, from Simla, 
which were examined by Dymock who 
reported on May 17, 1889, “ The root 
contains 6 per cent resin. It gives as 
much spirit extract as that collected 
when in fruit, so that it must contain a 
larger proportion of sugar and other nu- 
tritious materials stored up for the use 
of the growing plant. The root must 
therefore be collected when the plant is 
in fruit ”’. 

Messrs. Kemp and Co. asked for 20 
lbs. of Podophyllum roots with the hope 
that they could be obtained at a low 
rate. They wrote to the Conservator of 
Forests on July 25, 1891, “ The Ameri- 
can root is supplied at a very low rate. 
It can be purchased in Europe at 4 pence 
per pound. ... If you can supply us at 


In view of Podophyllum as a source 
of income, the Economie and Art Sec- 
tion, Indian Museum, asked the Secre- 
tary, Revenue and Agriculture Depart- 
ment, Government of India, on August 
12, 1891, to obtain one maund of the 
Podophyllum root and three maunds of 
the leaves, for sending them to the Im- 
perial Institute, London, for chemical 
analysis by experts. The first detailed 
report of the chemical examination of 
the constituents of Indian Podophyllum 
was published in 1898 by Dunstan and 
Henry (4). Subsequent to this publica- 
tion Dunstan reported on January 5, 
1899, to the Government of India, “ In 
connection with the chemistry, a paper 
has now appeared by my colleagues Dr. 
Mackenzie and Dixon of St. Thomas 
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Hospital on the medicinal effect of In- 
dian Podophyllum and of the products 
derived from it (Edinburgh Medical 
Journal, November, 1898). Indian 
drug is a complete and probably par- 
ticularly satisfactory substitute for the 
American product. 

“Steps should at once be taken in 
India to develop the utilization of this 
plant for the extraction of podophyllin, 
for which there exists a considerable 
demand in English and_ continental 
markets ”’. 

Watt was very much encouraged by 
these results of analysis of Podophyllum 
rhizomes and was proud to say, “ P. 
emodi is a product to which I am en- 
titled to lay claim to being the first and 
chief advocate for its being investigated. 
Many years ago, the late Dr. Dymock 
of Bombay was good enough to analyse 
a sample furnished by me. He found it 
to contain a very much larger amount 
of the resin than the American root of 
commerce. This caused enquiry and ex- 
periment. I procured large supplies from 
the Forest Department and sent them to 
the Imperial Institute and to the Gov- 
ernment Medical Depot. The latter 
have issued the drug and reports have 
come to hand which have been reviewed 
by the Indigenous Drug Committee. 
Professor Dunstan’s investigation have 
confirmed the Indian Enquiry on every 
point and the drug may now be regarded 
as regularly floated on the market...” 

“T may suggest to the Forest Depart- 
ments the desirability of their treating 
as a minor forest product roots of Podo- 
phyllum and making an effort to start 
a trade on the same’ 

“As it seems to me, the Government 
can do little more than investigate and 
publish results”. (Correspondence on 
March 4, 1899). 

This report appeared to stir the For- 
est Departments a little, for on May 29, 
1899, Ribbentrop, the Inspector of Gov- 
ernment Forests, communicated to all 


the Conservator of Forests that “ every 
endeavour should be made to start a 
trade on it (Podophyllum rhizome) with 
the drug merchants of Bombay and Cal- 
cutta ”’. 

In reply to this notice Elliot, the Con- 
servator of Forests, Punjab, mentioned 
on June 8, 1899, the difficulties of collec- 
tion of the rhizomes. “The whole of 
supply of the last two or three years was 
sold to Messrs. Bertie Smith and Co., 
Bombay, at Rs. 8 per maund, at a net 
profit of Rs. 3 per maund. Messrs. 
Kemp and Co., Bombay, declined to buy 
after trial’. Elliott was rather diffident 
of success in this trade. “ The profit is 
so small as hardly to justify the trouble 
entailed by the collection of the plant, 
growing as it does at considerable eleva- 
tions in remote forests and scattered 
sparsely over large areas”. He men- 
tioned the quantities of Podophyllum 
sold for five years as follows: 


Year Rhizomes sold 
1894-95 70 md. 30 sr. 
1895-96 40 md, 30 sr. 
1896-97 39 md. 10 sr. 
1897-98 39 md. 10 sr. 
1898-99 49 md. 30 sr. 


- 


On December 7, 1900, however, came 
the encouraging letter of Dunstan to the 
Secretary, Revenue and Statistics De- 
partment, India Office. This certainly 
gave an impetus to the trade on this new 
drug: “I am sure you will be glad to 
hear that Indian ‘ Podophyllum Emodi ’ 
has been included in the New Addendum 
to the B. P. thus marking its official 
recognition as a drug. . . . It is an even 
more valuable drug than the American 
Podophyllum of which we purchase large 
quantities from the United States. I 
hope that in the future a large part of 
this trade may go to India”. 

Although the question of substituting 
locally prepared Podophyllum resin for 
the imported American drug was not 
then settled, yet in 1902, 70 lbs. of rhi- 
zomes were sent to the Medical Store 
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Keeper for preparation of resin accord- 
ing to B.P. In the same year, since it 
was then known that Indian Podophyl- 
lum had been recognised by B.P., 
Messrs. Smith Stanistreet and Co., Cal- 
cutta, asked for 50 maunds of rhizomes 
at the Government rate of Rs. 8 per 
maund, though in 1898 they declined to 
buy them and opined that the resin from 
Indian Podophyllum was not satisfac- 
tory (Letter dated December 15, 1899). 
This gave an opportunity to dispose of 
about 40 maunds of rhizomes from Ha- 
zara, Which had no buyer in 1901, for 
the Conservator of Forests, Hazara, ad- 
vertised in the main Indian news papers 
and did not receive any offer. Even in 
1903, the Conservator of Forests, Jammu, 
Kashmir, was not very hopeful of this 
new trade. He sent 28 lbs. of rhizomes 
to a chemist in Bombay. The rhizomes 
could not be sold there; he had them 
sent to England, but even an ounce of 
them was not sold there. He wrote to 
Watt on June 2, 1903, “I do not see 
much use in spending money on collect- 
ing such a large quantity as 1 ton to 
send to a Commission Agent ”. 

In spite of these controversies, from 
the same year the price of the rhizomes 
went higher; during 1906 and 1907, the 
Forest Department, Hazara, sold the 
rhizomes at Rs. 11 per maund, and later 
in 1910, the price came up to Rs. 12. 8 as. 
per maund. It appears, therefore, the 
rhizomes were more in demand and in 
1914-15, during the great war, Messrs. 
Smith Stanistreet and Co. bought the 
rhizomes for Rs. 14 and little later even 
for Rs. 16 per maund. The demand 
grew to be more pressing, for in the same 
year, the price rose to Rs. 25. On De- 
cember 5, 1916, Dunstan wrote once 
again, “ P. emodi is now official in the 
B. P. and it seems very desirable to en- 
courage the use of the Indian drug by 
the British Manufacturers. . . . It is, 
however, difficult to obtain commercial 
quantities of roots from India”. Since 
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then the price increased with the de- 
mand; a British firm in London accepted 
the enhanced rate of Rs. 30 per maund. 
At present (1951) the Plant Utilization 
Division, Kashmir Government, has 
quoted the price as Rs. 120 per maund! 


Culti* ation 


Podophyllum seeds were sown for the 
first time in 1900 by the Forest Depart- 
ment, Punjab, at Ka!atop in the Chamba 
Division during the rains; they germi- 
nated in August 1902! Reproduction 
from roots failed altogether at Kalatop, 
but was successful at Kilar. Experi- 
ments were made in the Malkandi for- 
est, Kagan range, and Dungagalli range 
of the Hazara Division. Sowings failed 
in the last two places, but were success- 
ful in Malkandi; the seeds germinated 
after two years as at Kalatop. 

In 1912 Hooper reported that Kash- 
mir, Hazara and the northwestern fron- 
tier Provinces were the best localities for 
growing the drug. The cultivation was 
successful in the west Himalayas at 
7,000-10,000 feet elevation. In the year 
following, Messrs. Smith Stanistreet and 
Co. wanted to grow podophyllum in 
Darjeeling in the east Himalayas and 
asked the Forest Department for one or 
two maunds of fresh rhizomes. By the 
beginning of 1914 the Forest Depart- 
ment commenced cultivation in the 
United Provinces, the Punjab, the north- 
western frontier Provinces, Kamalhan 
and Malkandi. Troup (1915) found 
that podophyllum plants could be grown 
from both seeds and sections of rhizomes 
of any size down to 0.25 inch. Direct 
plantation of rhizome cuttings in the 
forest is preferable to transplanting from 
nursery beds. Development of rhizomes 
is rather slow. Seedlings are planted 
two feet apart in March and April. 

Unfortunately cultivation has neither 
been carried out scientifically nor at- 
tempted on a large scale. The plants 
flourish well in rich forest soil, often con- 
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sisting of pure humus, in moderately 
shady and fairly open places, chiefly in 
forests of blue pine, spruce and silver fir. 
The rhizomes with roots are collected 
the year. They are usually 
gathered in the central Himalayas, where 
podophyllum plants grow luxuriantly in 
open meadows at e! vations of 10,000- 
11,000 feet. 


second 


Fic. 9 (Left). 
Fic. 10 (Right). 


Collection 


The drug Podophyllum consists of the 


dried rhizomes and roots of P. emodi 
Wall. var. hexandrum (Royle). The 


wild plants are harvested usually in 
autumn. The rhizomes and roots are 
dusted off and sun-dried. They are then 
cleaned and sifted, and stored in gunny 
bags. Singh (1912) recorded the per- 
centage of resin in the rhizomes as rang- 
ing from 7 to 20. Dunstan and Henry 
(1898) and later Umney (1911) men- 
tioned the percentage as 9 to 12. Hooper 
(1910) found about 14 percent in sam- 
ples of rhizomes growing in Kashmir. 
It has been found that drying does not 
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affect the quantity of resin. The quan- 
tity varies with the locality and the sea- 
son of collection; it is highest, about 14 
percent, in May, when the plant is in 
flower, decreasing to 8 percent in Sep- 
tember and 7 percent in November, when 
the plant is in fruit. More mature rhi- 
zomes contain less amount of resin but 
a larger amount of podophyllotoxin in 


Roots and rhizomes of P. emodi Wall. var. hexandrum (Royle). 
Roots and rhizomes of P. sikkimensis R. Chatterjee et Mukerjee. 


the resin, as will be evident from the 
following figures: 


Rhizomes % of % of podophyllotoxin 
collected resin in resin 

May 13.95 35.34 
September 8.47 37.07 
November 6.79 49.77 


In India supplies of rhizomes are ob- 
tained mostly from wild plants. Because 
of indiscreet digging of the rhizomes 
with no consideration for the age of the 
plants or the best season of collection, 
it seems that Indian Podophyllum has 
lost its hard earned reputation in over- 
trade. Chopra (1933) mentions 
that the resin of American Podophyllum 
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is used in Indian factories because uni- 
formity is not maintained in the Indian 
product. Recently in Russia Tsarev has 
shown that both in yield and potency of 
the resin, P. peltatum raised around 
Moscow is fully equal to that grown in 
America and that its resin content is 
higher than that of Indian P. emodi, 
although the resin content of the Indian 
species is greater than that of the Ameri- 
can grown P. peltatum. 


Chemistry 


Hooper (1888) was the first to exam- 
ine the rhizomes of P. emodi and found 
that they contain 12 percent resin, whilst 
those of P. peltatum have only four per- 
cent. This finding aroused interest in 
further chemical examination, and Dun- 
stan and Henry (4) chemically investi- 
gated the constituents of both Indian and 
American Podophyllum. They proved 
that the constituents of the rhizomes of 
P. emodi are identical with those of P. 
peltatum. They also isolated the lac- 
tone, podophyllotoxin, m. p. 117°, from 
the resin and showed that by the action 
of alkali, the toxin isomerises to a higher 
melting lactone, picropodophyllin, m. p. 
227°, and an acid, podophyllic acid, 
m. p. 163°, corresponding to the lactone, 
podophyllotoxin. They separated and 
identified the yellow coloring matter, 
quercetin, from the resin. The toxin is 
laevorotatory and is easily soluble in 
alcohol, acetone, chloroform and_ hot 
benzene; sparingly soluble in water. It 
has a bitter taste. 

In 19382 Borsche and Niemann (1) 
began their studies on the constitution 
of podophyllotoxin and gave its correct 
formula, CooHe2Os. Contemporaneously 
Spaeth and co-workers (5) worked on 
the same problem, and both schools of 
workers arrived at the structures for 
toxin (I) and its isomer, picropodophyl- 
lin (II). 

Dunstan and Henry indicated that the 
residue after separation of podophyllo- 
toxin and quercetin, which they called 
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Fic. 11 (Upper). Structural formula of podo- 
phyllotoxin. 

Fig. 12 (Lower). Structural formula of picro- 
podophyllin. 
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“ podophylloresin ”, was physiologically 
active and could most probably be 
represented by the formula C,H 004. 
Recently Seshadri and Subramanian 
(1950) attempted a chemical study of 
the principle in podophylloresin, which 
they designated “ podophyllol ” because 
of its phenolic character. According to 
these authors, it is represented by 
CooH220s, m. p. 115°. It can be acety- 
lated and methylated; is soluble in alco- 
hol, acetone, ether and chloroform; and 
gives a purple color with concentrated 
sulfuric acid. Hartwell (1952) has, how- 
ever, identified the phenols from the 
resin of P. emodi as demethylpodophyllo- 
toxin, m. p. 250-51.6°, and 1-0-(-p- 
glucopyranosy])-picropodophyllin, m. p. 
237-38.2°. According to Leiter, the 
former is active in producing hemor- 
rhage and necrosis in Sarcoma 37 in 
mice, While the latter is inactive, even 
in high doses. 

With the recent discovery that podo- 
phyllin or the resin from the rhizomes 
of Podophyllum peltatum has tumor- 
necrotizing properties, they have been 
the subject of reinvestigation, and Hart- 
well and co-workers (1947) have pub- 
lished a series of interesting papers on 
the new components of podophyllin. 
They have isolated two phenols from it 
which they have called “ a-peltatin ” 
and “ 8-peltatin”, and have proposed 
their structural formulas. Moreover, 
they have reexamined the structure 
studies of Borsche and of Spaeth, and 
have altered the structural formulas of 
podophyllotoxin and _ picropodophyllin; 
the latter, according t6 Hartwell, is not 
an isomer, but an epimer of the former. 
He is of the opinion that formula (II) 
represents both the toxin and its epimer 
which differs only in the spacial arrange- 
ment of atoms around the third carbon 
atom. 

An analysis of the resin of the rhi- 
zomes of P. sikkimensis by the present 
writer has led to the isolation of com- 
ponents different from those of P. pel- 
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tatum and P. emodi. The resin also 
shows tumor-damaging activity. The 
resin contains a mixture of isorhamnetin, 
quercetin, quercetin galactoside and a 
lactone which has been called “ sikkimo- 
toxin ”’, CogsHogOx, m. p. 120°. This has 
properties analogous to those of podo- 
phyllotoxin (2). Its chemical behaviour 
and degradation products anticipate a 
structure allied to (II), where the meth- 
ylenedioxy group is replaced by two 
methoxyl groups. 

Isolation of the Resin. Air-dried finely 
ground roots and rhizomes of Podophyl- 
lum are extracted with ethanol in a con- 
tinuous extractor until the color of the 
solution is pale yellow. A large volume 
of the solvent is removed by distillation 
under reduced pressure, and the sticky 
brown residue is transferred to a beaker 
and is evaporated on a steam bath to 
treacle-like consistency. This is ice 
cooled and then poured slowly into a 
cool one percent hydrochloric acid solu- 
tion which is agitated continuously with 
a mechanical stirrer. The resin sepa- 
rates as a flocculent pale brown solid. 
It is allowed to settle and is then fil- 
tered, washed free from acid and dried. 

Separation of the Components. The 
resin podophyllin is extracted with chlo- 
roform in a Soxhlet apparatus. On leav- 
ing the chloroform solution in a refriger- 
ator for some days, a brown powder 
separates which is the so-called ‘“ podo- 
phyllol ” or “ podophylloresin ”’, a phe- 
nolic component of podophyllin. Podo- 
phyllol is filtered and the filtrate is 
distilled under reduced pressure to re- 
move chloroform as far as possible. The 
sticky brown residue left in the distilling 
flask is dissolved in the least amount of 
ethanol and poured carefully into well 
cooled benzene; after some time white 
crystals of podophyllotoxin separate. 

The residue in the thimble after chlo- 
roform extraction is dried in air, placed 
back in the thimble and extracted with 
ether. A sticky brown residue is ob- 
tained on removing ether from the ethe- 


354 


real solution. The residue is boiled with 
ethanol to dissolve it partially. The hot 
mixture is filtered, and the filtrate on 
fractional crystallisation yields small 
quantities of isorhamnetin and quercetin. 
The residue on the filter paper is heated 
with sodium acetate and acetic anhy- 
dride to obtain acetyl derivative of iso- 
rhamnetin. 

The residue in the thimble after suc- 
cessive extractions with chloroform and 
ether is dried in air, replaced in the 
thimble and extracted with ethanol. The 
ethanolic solution is treated with animal 
charcoal, filtered, and the filtrate evapo- 
rated in vacuo and treated with water; 
the aqueous solution is kept in a refrig- 
erator for several days to obtain a sticky 
precipitate which is removed by filtra- 
tion. The aqueous filtrate is extracted 
with ether to remove any free quercetin 
resulting from hydrolysis of the galacto- 
side. On removal of ether, traces of 
quercetin are usually seen, and the free 
galactose remains dissolved in the aque- 
ous layer which also contains the un- 
decomposed galactoside. The aqueous 
layer is then extracted with ethyl ace- 
tate. The ethyl acetate solution yields 
a yellow residue which is identical with 
3-galactosidyl quercetin. 


Uses 


Official Podophyllum contains not less 
than eight percent of resin and not more 


Utilization 


Sugar-Cane Bagasse. A second edition, 
revised to July, 1951, of the annotated bibli- 
ography, “The Utilization of Sugar Cane 
Bagasse for Paper, Board, Plastics, and 
Chemicals”, with 541 citations, has been 
published as Technological Report Series No. 
8 by the Sugar Research Foundation, Inc., 
of New York. The compilation was by 
Clarence J. West of the Institute of Paper 
Chemistry, Appleton, Wis. 
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than two 
matter. 


percent of foreign 


organic 
The resin is a slow but active 
purgative, producing copious liquid dis- 


charges, often with much griping. Podo- 
phyllotoxin is not the chief cathartic 
principle. The activity of the resin is 
due to podophylloresin. Podophyllo- 
toxin is more toxic, while podophyllo- 
resin is more purgative than toxic. In 
small doses the resin from the rhizomes 
is used in chronic constipation, espe- 
cially mixed with aloe and cascara. The 
usual dose is about two grains. In over- 
doses the resin acts as a poison, causing 
vomiting, purging and even death. 
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Abstracts 


Witloof Chicory. This is one of the most 
important winter vegetables of northern 
Europe as a salad or cooked in a variety of 
ways. In addition, it is grown on the Conti- 
nent and in Britain for its roots which, when 
dried, roasted and ground, provide a substi- 
tute and diluent for coffee. Witloof is a 
cultivated variety of the common chicory 
(Cichorium Intybus). (A. A. Jackson, Jour. 
Royal Hort. Soc. 77: 47. 1952). 


Recent Developments in Essential 


Oil Production! 


The 29 essential oils described in this article are the 
backbone of the cosmetics industry and are of great 


importance also to other industries. 


Their sources are 


almost exclusively outside the United States, many of 
them being in the Old World. To develop more New 
World sources is of utmost importance. 


ERNEST GUENTHER, PH.D. 
Vice President and Technical Director, Fritzsche Brothers, Inc.. New York 


Introduction 


Prior to the outbreak of World War II 
our soap and allied industries were able 
to rely upon a steady supply of essential 
oils from old and firmly established 
sources, many of them in Europe and 
Asia—particularly in the tropical parts 
of the latter great continent. As a mat- 
ter of fact, there was hardly a country 
in the world that did not produce at 
least small quantities of some particular 
essential oil. It is true that prices flue- 
tuated with supply and demand, the 
former being influenced by several fac- 
tors, especially weather—drought, occa- 
sional hurricanes, ete. But in general 
the picture did not vary too much. After 
a year or two of short crops, and with 
rising prices, an ample supply of the 
affected oil could usually be expected. 

The outbreak of World War II gravely 
disturbed this situation, and some of the 
most important essential oils soon be- 
came unavailable to the American mar- 
ket. This applied especially to oils from 
British Malaya and from the Nether- 
lands East Indies (now Indonesia), 
which countries were soon overrun by 
Japanese forces. It was primarily be- 
vause of this situation that, early in the 
war, substantial effort was made in tropi- 


‘ 
< 


1 Reprinted with minor changes from Soap 
& Sanitary Chemicals, March—June, 1951. See 
editor’s note at end of article. 
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cal Central and South America, and on 
some of the West Indian islands, to pro- 
duce certain of the oils that could no 
longer be imported from Asia. A num- 
ber of enterprising planters, particularly 
in Guatemala, Haiti and Brazil, entered 
the field as pioneers and, despite many 
disappointments and setbacks, succeeded 
in laying the foundation of a new Pan- 
American essential oil industry. Heavy 
odds had to be overcome: lack of “ know- 
how ” in planting, cultivating, harvesting 
and distilling, dearth of planting mate- 
rial, and last but not least, reluctance 
on the part of buyers to accept the new 
types of oils. The American soap and 
allied industries should always be grate- 
ful to pioneers like René and Minor 
Keilhauer and Carlos Schaeuffler in 
Guatemala, Joio Dierberger in Brazil, 
and Senator Louis Dejoie in Haiti. With- 
out their daring and dogged persistence, 
the position of the American essential 
oil industry today would be much less 
hopeful. 

With the fall of Japan and the libera- 
tion of British Malaya and the Nether- 
lands East Indies, the situation in regard 
to essential oil production in those parts 
of the world improved substantially, and 
exports again became possible—at least 
temporarily. However, the war years 
had inflicted great damage upon the 
plantations—particularly citronella in 
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Java—and the postwar civil strife rag- 
ing in Indonesia only heightened that 
region’s difficulties. Many a planting of 
citronella had to be abandoned to make 
room for vital food crops; the natives 
lost interest in essential oils; and the 
once highly efficient analytical and ex- 
port control maintained by the Dutch 
authorities in Buitenzorg (Java), ceased 
to be effective because of wholesale 
smuggling of the oils to nearby Singapore 
and other parts of the Asiatic mainland. 
Production of certain Indonesian oils— 
vetiver, cananga, cajuput and patchouly 
among them—declined almost to the 
vanishing point, and the quality of many 
lots of citronella oil fell below standard. 
Moreover, grave new political and eco- 
nomic crises arose in southeastern Asia, 
and today, with open warfare raging in 
Korea and French Indo-China, other 
producing sections could be similarly 
engulfed by conflict. The areas in 
Kwangsi and Kwangtung which produce 
vassia oil have fallen into the hands of 
communist China; the star anise areas 
in French Indo-China have been aban- 
doned by the French forces; and in Brit- 
ish Malaya the native growers of patch- 
ouly no longer dare to cultivate their 
fields, for fear of being ambushed at 
night by guerrilla forces and marauding 
bandits. Formosa, world’s largest pro- 
ducer of camphor oil and natural cam- 
phor, is also threatened. Governmental 
controls as to export licences, taxes and 
minimum prices interfere gravely with 
normal business. 

No one can predict what the next few 
vears may hold for southeastern Asia, 
British Malaya or Indonesia. Will there 
be prolonged civil strife or open war- 
fare? Will these countries finally go the 
way of communist China? It is against 
this gloomy background of uncertainty 
and danger that the picture of the young 
Pan-American essential oil industry 
must be viewed and evaluated. In the 
light of these late developments it is 
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only too obvious that every effort should 
be made in the Western Hemisphere to 
become independent—in regard to essen- 
tial oils, and spices as well—of the old 
sources of supply in Asia, so that in any 
future emergency our American soap, 
cosmetic, pharmaceutical, food and bev- 
erage industries may rely upon new 
sources nearby. 

About a year ago the writer returned 
from a four months trip through South 
and Central America, Mexico and parts 
of the West Indies, in the course of 
which he surveyed the latest develop- 
ments in essential oil production in 
practically every country south of the 
border—and at close range. He can re- 
port, in good faith, that, while much 
progress has been made, a great deal 
still remains to be accomplished. Inter- 
est in the production of essential oils is 
widespread and many planters are eager 
to enter the field. But they need advice, 
they need help, and in most cases they 
need planting material, the lack of which 
seems to be one of the major obstacles 
to a more rapid development. The Fed- 
eral Experiment Station, U. S. Depart- 
ment of Agriculture, Mayaguez, Puerto 
Rico, which is under the very able direc- 
tion of Dr. Kenneth A. Bartlett and Mr. 
Arnold J. Loustalot, has been, in many 
ways, of invaluable service to planters 
in Latin America. It should be realized 
that it is no easy matter for a prospec- 
tive grower to enter such a highly spe- 
cialized field as that of essential oils. 
Without the necessary experience and 
without the right variety of planting 
material, failure is almost certain, and 
already much money has been lost in 
such premature ill-advised ventures. 
After the proper planting material has 
been secured—which, apparently, is the 
most difficult part of the whole task— 
small experimental fields should be 
started to determine the most favorable 
ecological conditions. After these have 
been clearly established, small quantities 
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of oil should be produced in a pilot still 
and submitted to a reliable essential 
oil house in the United States for evalu- 
ation. Only after the quality of the ex- 
perimental oils has been found accepta- 
ble to the market should the grower go 
into large scale production. Without 
these precautions the whole venture may 
vasily fail. It would be fallacious to 
assume that every country in Latin 
America lends itself to the production of 
essential oils. This is by no means the 
In some of these countries politi- 
‘al conditions are unstable because of a 
national policy hostile to large scale 
agricultural enterprises. In  others— 
Argentina for example—labor, as a re- 
sult of the newly enacted social laws, 
has become so expensive that economi- 
‘al production of essential oils is out of 


case. 


the question, except perhaps for sale on 
the inflated local market. On some of 
the islands, Cuba for example, the 


powerful sugar industry has absorbed all 
the good land and labor, and has crushed 
any attempt at growing other crops. In 
several Latin American countries banks 
are most reluctant to grant loans for 
new agricultural enterprises (other than 
stable crops) or, if they do, only at very 
high rates of interest. 

The scope of these pages does not per- 
mit a detailed report on every essential 
oil now produced abroad and in the 
Americas. Only a_ brief discussion, 
therefore, of those oils that are of most 
interest to the soap and allied industries 
is possible here. Let us, then, review the 
situation in regard to these oils and try, 
in the light of what We now know, to 
foresee what the prospects are for their 
increased production within the borders 
of our North, Central and South Ameri- 
can republics. 


Bergamot Oil 


Expressed by machine-scraping from 
the peel of the fruit of Citrus aurantium 
L. subsp. bergamia (Risso and Poit.) 
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Wright and Arn. (Rutaceae), a citrus 
tree cultivated extensively and exclu- 
sively near Reggio Calabria, on the 
Strait of Messina, opposite Sicily.2 In 
recent years total annual production of 
the oil in Calabria, the sole supplier of 
bergamot oil, has averaged 150 metric 
tons. Quality and exports of the oil have 
been controlled by the Consorcio del 
Bergamotto in Reggio Calabria. Heavy 
inventory buying has recently increased 
prices substantially, and the Consorcio 
has been forced to allocate the available 
stocks in limited quantities. 

There are no substantial plantations 
of bergamot outside of Calabria. The 
tree does not seem to occur in the West- 
ern Hemisphere. The so-called “ Bra- 
zilian bergamot oil” offered during the 
last war in the United States proved to 
be a mixture of linalyl acetate, sweet 
orange oil, ete. The writer soon found 
this out when he talked to the “ pro- 
ducers ” of the oil in Brazil. A natural 
oil nearest to true bergamot oil is that 
expressed from the rind of the sweet 
lime fruit *, a tree that grows wild and 
scattered in Central and South America. 
Unfortunately it would be very difficult 
and costly to gather fruit from these 
scattered trees. 


Bois de Rose Oil 


Substantial quantities of this impor- 
tant oil are produced from the wood of 
Aniba rosaeodora var. amazonica Ducke 
(Lauraceae), a tall tree growing wild in 
the vast jungles on the right bank of the 
Amazon River*. Up to 200 metric tons 
of oil he.ve been produced in peak years; 
the average for the last 15 years has been 
considerably lower. The oil contains 
from 80 to 90 percent of linaloél, and is 
employed for the scenting of soaps as 


“For details Ernest Guenther, “ The 
Essential Oils ”, Vol. II]: 260. D. Van Nostrand 
Company, Inc., New York, 1949. 

3 Jbid., Vol. III: 331. 

4 Jbid., Vol. IV: 187. 


see 
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well as for the isolation of linaloél and 
for the preparation of linalyl acetate and 
other esters of linalodl. The demand for 
the oil generally has been so heavy as to 
equal the supply; hence no substantial 
stocks are in the hands of producers or 
dealers. 
Camphor Oil 


Various types of camphor oil and frac- 
tions thereof are produced from the 
heartwood (root, trunk and branches) of 
several varieties of Cinnamomum cam- 
phora Sieb. (Lauraceae), a tall and 
stately tree growing wild or cultivated 
in Formosa, southern Japan and adja- 
cent parts of China®. Prior to World 
War II the center of the natural cam- 
phor and camphor oil industry was 
located in Formosa, where the Japanese 
Government exercised complete control 
over the production and processing of 
these important commodities. Only a 
very limited number of fractions were 
admitted to export from Japan, the bulk 
being used by Japan for the manufac- 
ture of aromatic isolates, safrole among 
them, and for conversion into synthetic 
aromatics, heliotropin for example. With 
the fall of Japan in 1945 her hold on 
Formosa was broken, with consequent 
loss of her monopoly over the natural 
-amphor and camphor oil industry. The 
largest plant manufacturing aromatic 
isolates and synthetic aromatics, located 
in Tokyo, was destroyed during a bomb- 
ing raid. After the conclusion of hostili- 
ties the situation in Formosa and Japan 
became utterly confused. The very close 
technical and commercial interrelation 
between Japan’s and Formosa’s camphor 
industries ceased to exist. With the end 
of the strict and efficient Japanese Gov- 
ernment monopoly in Formosa, grave 
danger exists that the trees will be ex- 
ploited recklessly, without much thought 
of reforestation. In southern Japan, on 


5 Ibid., Vol. 1V: 256. 
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the other hand, the Government is now 
trying to develop Japan’s own camphor 
and camphor oil industry, independent 
of Formosa, by planting large tracts of 
land with camphor trees—a long range 
program that will require from 30 to 50 
years to accomplish. 

Lately the situation in Formosa and 
Japan, so chaotic in the first postwar 
years, appears to have somewhat im- 
proved, although exports have by no 
means reached normal levels. The po- 
litical and economic picture is still con- 
fused and the future beset with uncer- 
tainty. Nevertheless, certain fractions 
of camphor oil are again being offered 
from the Far East, and in increasing 
quantities. Prices are quite high, how- 
ever, and rising expenses for shipping, 
etc., tend to drive them up still further. 
To bring production and exports up to a 
normal level will require close collabora- 
tion between the now separate Formosan 
and Japanese camphor industries, which 
to accomplish will probably take several 
years. It is likely that in the future, as 
in the past, the Far East will continue to 
fractionate its own camphor oil, prefer- 
ring thus to supply the outside world 
with aromatic isolates and synthetic 
aromatics, and with only a limited num- 
ber of fractions, rather than to export 
the crude camphor oil. 

As regards production of natural cam- 
phor oil in Central and South America, 
the possibilities at present are practi- 
cally nil. A few old camphor trees may 
be found scattered here and there. Near 
Guatemala City there is a grove contain- 
ing several thousands of planted trees, 
but this number is insignificant in view 
of the small yield of oil from the wood 
and the very large quantities of oil pro- 
duced in Formosa, Japan and China. 
Wide tracts of land would have to be 
planted in Central or South America, 
and the first trees could not be cut in 
less than 30 years. 
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Cananga Oil ® 


Substantial quantities of this oil were 
obtained before the last war from the 
flowers of Cananga odorata Hook. f. et 
Thomson var. macrophylla (Anonaceae) , 
a tall tree growing cultivated or semi- 
wild in the Provinces of Cheribon and 
Bantam on the island of Java. In pre- 
war years as much as 23 metric tons 
were produced in a single year; immedi- 
ately after the war exports fell to about 
three tons of oil. More recently the 
total has risen to eight tons. This last 
total, however, does not include the fig- 
ure for the oil smuggled out of Java. 
Production of the oil has always been 
primitive and entirely in the hands of 
natives, but the quality of shipments 
was strictly controlled by the Govern- 
ment laboratories in Buitenzorg. Since 
the occupation of Java by Japanese 
forces during World War II, and the 
civil strife in Java after the war, the 
natives appear to have lost interest in 
the production of the oil. Today ca- 
nanga oil is available only in limited 
quantities and at relatively very high 
prices. The situation has been aggra- 
vated by the fact that the oil now finds 
wide use as a substitute for oil of ylang 
ylang, production of which also 
fallen far below prewar levels. 

In Central and South America the tree 
does not occur in large quantities, and 
regular plantings are non-existing. There 
are only a few scattered trees, as in 
Guatemala, for example. If a regular 
plantation were started, more than five 
years would have to pass before the first 
flowers could be harvested. Moreover, 
it would be senseless to start a planta- 
tion of cananga because for the same 
amount of money ylang ylang trees, 
closely related to cananga but yielding 
a much more valuable oil, could be 
raised. 


has 


6 Jbid., Vol. V: 267. 
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Cassia Oil 


Distilled from the foliage of Cinna- 
momum cassia (Nees) Nees ex Blume 
(Lauraceae), a tree or bush occurring 
cultivated, semi-wild and wild in south- 
eastern China, particularly in the Prov- 
inces of Kwangsi and Kwangtung. Pro- 
duction of the oil is entirely in the hands 
of Chinese peasants who distill the ter- 
minal branches and adherent leaves in 
primitive apparatus. The oil reaches 
Hong Kong, the principal shipping port, 
through a chain of field, village and 
town brokers who invariably adulterate 
the oil by addition of rosin and kero- 


sene‘. High-grade oils contain more 
than 90 percent of natural cinnamie 


aldehyde. Exporters in Hong Kong 
often add synthetic cinnamic aldehyde 
to the oil. 

In the years before the second World 
War, total annual production of cassia 
oil in southeastern China averaged 200 
Knglish tons; most of this went to the 
United States. With the present trouble 
in China it is impossible to obtain a 
clear picture of the situation as regards 
cassia oil. Small lots are undoubtedly 
being smuggled into Hong Kong and 
Macao, or openly traded, and exported 
from these European possessions, but the 
quantities appear to be diminishing. The 
quality also to have suffered 
greatly, new types of adulterants being 
used. At present, high-grade lots of 
‘assia oil are rare and expensive. No 
one can predict what the future will 
bring. 


seems 


There are no plantations of the Chi- 
nese cassia tree in the Western Hemi- 
sphere, but the writer once observed a 
few trees in Sio Paulo State (Brazil), 
which were apparently Cinnamomum 
cassia. 


7 Ibid., Vol. IV: 241. 
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Cedarwood Oil 

For many years large quantities 
(400,000 to 500,000 pounds) of this im- 
portant oil have been produced from the 
heartwood of red cedar (Juniperus vir- 
gimana LL.) (Cupressaceae), growing 
wild and abundantly in the southeastern 
part of the United States (central Vir- 
ginia to northern Alabama). The oil is 
distilled from chips and sawdust ob- 
tained as refuse in the manufacture of 
cedar chests, closets and linings. 

During the last war production of 
cedarwood oil from Juniperus mexicana 
Schiede was started in Texas, and sub- 
stantial quantities of this type of oil 
reached the market. However, since cost 
of production was too high, the distillers 
lost interest and have stopped operation, 
at least temporarily. 


Citronella Oil 

There are two types of citronella oil: 
the Ceylon type, distilled from the grass 
Cymbopogon nardus Rendle, lenabatu, 
and the much more important Java 
type, derived from Cymbopogon winteri- 
anus Jowitt, mahapengirt (Gramineae). 

The Ceylon type of oil*, the older 
and less important of the two, is pro- 
duced exclusively on the island of Cey- 


lon. The oil has a low total geraniol 
and citronellal content, hence serves 
chiefly for the scenting of technical 


preparations. Total production in nor- 
mal vears has averaged about 650 Eng- 
lish tons annually. In recent years the 
oil has lost much of its former impor- 
tance, being replaced increasingly by 
the more valuable Java type. For this 
reason production of the Ceylon oil has 
been curtailed substantially. The result- 
ing short supply has caused a sharp in- 
crease in prices which are now so high 
that the oil can no longer be used for the 
covering of odors in cheap technical 


8 Ibid., Vol. IV: 65, 67. 
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preparations. The oil has also lost its 
usefulness as an insect repellent because 
much more efficient substances are now 
available for this purpose. 

No attempts have ever been made to 
produce the Ceylon type of citronella oil 
in the Western Hemisphere; nor, in fact, 
would they be justified. 

The Java type of citronella oil is the 
much more valuable of the two because 
it exhibits a high content of total ge- 
raniol and citronellal, hence lends itself 
to the commercial isolation of these im- 
portant products. Citronellal, in turn, 
can be converted into citronellol, hydro- 
citronellal, synthetic menthol and other 
synthetic aromatics. The Java type of 
citronella oil is one of the most impor- 
tant essential oils, being produced now 
in Java, Formosa, Guatemala and other 
parts of Central and South America. 
Total world production at present does 
not suffice to cover all requirements, 
hence prices have lately become very 
high and firm. No relief in the immedi- 
ate future can be expected, particularly 
since production in the Far East is still 
considerably below the prewar level. 

Production in Java®. Prior to World 
War II Java annually exported about 
2,000 metric tons of oil; of this the 
United States consumed about 650 tons. 
The occupation of Java by Japanese 
forces during the last war and the post- 
war civil strife greatly affected Java’s 
formerly flourishing citronella industry. 
The oil could no longer be exported, the 
natives lost interest in its production, 
and older plantings were plowed to make 
room for food crops, with the result that 
during the past few years only about 500 
metric tons of citronella oil have been 
exported annually from Java. Condi- 
tions there are still so unsettled that no 
one can predict what the future will 
bring. The Hollanders, once efficient 
administrators of the East Indian Archi- 


9 Tbid., Vol. IV: 82. 
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pelago, have lost control over the islands, 
and it is doubtful that the former pros- 
perity can ever be restored. 

Production in Formosa’. Formosa’s 
citronella industry had its beginning in 
1912, when a few plants were introduced 
from Java and propagated on an ever- 
increasing scale. In 1940 the island pro- 
duced 360 metric tons of citronella oil, 
the bulk of which went to Japan to sup- 
ply the then prosperous and expanding 
industry of aromatic isolates and syn- 
thetic aromatics. 

In 1945 Japan lost her hold over For- 
mosa, and conditions on the island be- 
confused. Large quantities of 
stocks accumulated during the war years 
were shipped to Shanghai and Hong 
Kong, and from there reached overse: 
markets. When freshly distilled, For- 
mosan citronella oil is of good quality, 
equalling the Java oils, but the stocks 
offered after the war were in part old, 
hence of inferior quality. 

During the last few years production 
of citronella oil on Formosa increased 
largely, reaching 2,000,000 pounds in 
1951. Methods of production, however, 
are not too satisfactory, most of the 
plantings being small and located on 
rather steep hillsides where no mechani- 
cal equipment can be used. The grass 
is distilled in numerous small direct fire 
stills, the material being immersed in 
boiling water during distillation. Be- 
‘ause of the prevailing low prices of the 
oil, the natives cannot afford to give 
much care to their fields, some of which 
have become old and neglected. Com- 
pared with Guatemala, the yield of oil 
per acre is very low, and under these 
circumstances it is quite possible that 
many of the producers will lose interest 
in the oil which at present brings very 
little, if any, returns. The prices are 
generally in line with that of oils from 
Java and Central America, although the 
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quality is not always as good. Never- 
theless, the Formosan oil finds employ- 
ment for certain purposes. No predic- 
tion can be made about the future of 
Formosa’s citronella oil industry. 

Production in Guatemala'!. The 
startling development of the citronella 
oil industry in Guatemala and other 
parts of Central America offers an excel- 
lent instance of what can be accom- 
plished in the Western Hemisphere under 
certain circumstances. The beginning 
was made in 1930 when René Keilhauer, 
a planter in Los Cerritos, was forced to 
discontinue his banana plantations as a 
result of heavy storms and the banana 
disease. Before weed and the jungle in- 
vaded his fields he had to plant other 
crops, and for this purpose he chose the 
Java type of citronella and the West In- 
dian type of lemongrass—which grasses 
had been introduced into Guatemala 
during World War I. 

Within a number of years several hun- 
dred acres were planted with citronella 
and lemongrass. For a long time, how- 
ever, the venture proved to be a money- 
losing proposition because it was impos- 
sible to compete on the world market 
with the then extremely low-priced oils 
from Java and India. It was only be- 
cause of the stubborn pioneer work of 
René Keilhauer and his energetic son, 
Minor, that production of the oils could 
be continued until 1940. The outbreak 
of World War II, and particularly the 
fall of Java, changed the picture com- 
pletely, bringing about a heavy demand 
for the Guatemalan oils and a sharp in- 
crease in prices. Guatemala’s young 
essential oil industry became firmly es- 
tablished on a financially sound basis, 
and many other growers entered the 
field, planting citronella and lemongrass 
on an increasing acreage. With the end 
of hostilities the industry suffered a 
temporary setback—-which was to be 
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expected; but to prevent any serious 
trouble the Oficina Controladora de 
Aceites Esenciales, Guatemala City, was 
founded on a voluntary basis. This 
cooperative organization (recently re- 
named Asociacién de Productores de 
Aceites Esenciales) by law comprises all 
essential oil producers in the country; 
it is the sole exporter of all essential oils, 
controls and guarantees their quality, 
assists the growers financially and tech- 
nically, and aims at stable prices, fair 
to producer and consumer alike. The 
Asociacion comprises about 80 member 
growers, producing annually, among 
other essential oils, more than 1,000,000 
pounds of citronella oil. The oil has 
been of excellent quality, fully equalling 
that of Java, and is eagerly sought by 
North American and European con- 
sumers. Demand for the oil has been 
heavy, particularly on the part of Cen- 
tral Europe, but unfortunately competi- 
tion of the Formosan citronella oil has 
been so keen that lately prices fell to 
such low levels that they practically left 
no returns for the producers. In 1951 
Guatemala supplied about 1,200,000 
pounds of citronella oil. 

Production in Other Parts of Latin 
America. During the last war the banana 
growers of Honduras experienced great 
difficulty in exporting their fruit, pri- 
marily as a result of lack of shipping 
space. To keep part of its labor force 
occupied, the Tela Railroad Company in 
La Lima, Honduras, a large enterprise 
affiliated with the United Fruit Com- 
pany, decided to grow citronella grass 
on parts of its immense landholdings. 
Scientifically directed, the venture pros- 
pered, and in 1946 more than 100,000 
pounds of citronella oil were produced in 
Honduras. More recently, however, the 
Tela Railroad Company has dissociated 
itself from any activities in essential 
oils, which were started as a temporary 
war measure. Today only limited quan- 
tities of citronella oil are produced in 
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Honduras by two independent operators 
near La Lima, who obtained their plant- 


ing material from the Tela Railroad 
Company. 
In Mexico there is one important 


citronella grower in Tapachula near the 
border of Guatemala. Similar projects 
are planned in other parts of Mexico. 

On the island of Haiti considerable 
effort has been made to grow citronella, 
but experiments have not been success- 
ful, owing chiefly to the dry climate 
which prevails in those parts of the 
island where land is still available for 
crops other than vital food products. 

Some citronella oil is produced in Bra- 
zil and in Argentina, but the quantities 
are not sufficient to satisfy even the 
heavy domestic demand, and prices are 
much too high to compete on the world 
market. 

Eucalyptus Oils 


Because of the complexity of the sub- 
ject, these oils can be discussed here 
only briefly. There are three types, 
namely, medicinal, perfumery and tech- 
nical oils '. 

Medicinal Oils. These oils contain 
from 70 to almost 90 percent of cineole 
as chief constituent and serve as such in 
medicinal preparations or for commer- 
cial isolation of cineole. In Australia, 
the principal producing country, the oils 
are distilled from several high-yielding 
species of eucalyptus, for example E. 
polybractea, E. siderorylon, E. leucoxry- 
lon, E. australiana and E. dives var. 
“C” (Myrtaceae). In Spain and Bra- 
zil the medicinal oils are derived almost 
exclusively from Eucalyptus globulus, 
although this species gives a lower yield 
of oil than the above-mentioned species. 
In the Belgian Congo medicinal euca- 
lyptus oil is distilled from Eucalyptus 
smithii, a fair yielder of good quality oil. 

Australia produces by far the greatest 
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amount of eucalyptus oils, supplying an 
annual average of 130,000 imperial gal- 
lons of medicinal oils. The trees grow 
wild and abundantly over wide sections 
of Australia. The foliage cut from the 
trees has to be distilled in numerous field 
stills distributed over the interior where 
ample material and water are available. 
During the last war the newly created 
defense industries, offering more attrac- 
tive wages and better living conditions 
than the oil producers could manage, 
absorbed much of the labor previously 
occupied with eucalyptus distillation. As 
a result, prices of all Australian euca- 
lyptus oils rose sharply; they will prob- 
ably remain high in the immediate 
future. Producers and exporters seem 
to encounter considerable difficulty in 
supplying the world market with oil. 

Spain for many years has been pro- 
ducing medicinal eucalyptus oil, total 
annual production averaging 100 metric 
tons. Most of the oil is shipped to 
Central Europe; small quantities have 
reached the United States, partly via 
Portuguese ports. Prices lately have 
been high. 

In recent years the Belgian Congo has 
appeared as a producer of medicinal 
eucalyptus oil, supplying over 20 metric 
tons annually. Some of the lots shipped 
from the Congo have been of very good 
quality, the result probably of careful 
rectification. 

Another producer of medicinal euca- 
lyptus oil is the State of Sao Paulo in 
Brazil; it supplies about ten metric tons 
per year, mostly for domestic consump- 
tion. In Sao Paulo practically all euca- 
lyptus trees are planted and regularly 
cropped. The new industry is well man- 
aged by a few expert growers. 

Eucalyptus trees yielding medicinal 
oils grow wild, semi-wild and planted in 
other parts of Latin America, but have 
not been exploited on a large commercial 
scale. Small quantities of oil are pro- 
duced in Guatemala, Mexico and Colom- 
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bia; however, the amount is not suffi- 
cient to supply even the local markets. 

Perfumery Oils. The so-called per- 
fumery eucalyptus oils contain as chief 
constituents not cineole but citronellal, 
geraniol and geranyl acetate in varying 
proportions. These oils exhibit an odor 
entirely different from that of the me- 
dicinal oils; their fragrance is sweet and 
refreshing. Hence the oils lend them- 
selves for the scenting of soaps, cos- 
metics and technical preparations. 

Most important of all perfumery euca- 
lyptus oils is that derived from the foli- 
age of Kucalyptus citriodora; this con- 
tains from 65 to 85 percent of citronellal. 
The oil is used as such or for large-scale 
isolation of citronellal which in turn can 
be converted into hydroxycitronellal. 
Although known for many years, oil of 
Eucalyptus citriodora has only recently 
come into commercial prominence and 
is finding ever wider recognition as a 
very useful and valuable oil. It does 
not exhibit the harsh odor so character- 
istic of citronella oil. Australia now 
produces substantial quantities of this 
oil; the State of Sao Paulo in Brazil sup- 
plies up to 30 metric tons per year, much 
of which goes to the United States and 
Kurope. In Paulo the trees are 
grown on large well managed groves and 
are cropped regularly. The industry 
could be expanded substantially if de- 
mand and prices should encourage the 
growers. Small quantities of the oil are 
produced in Guatemala. 

Another perfumery oil is that derived 
from the foliage of Eucalyptus mac- 
arthurt. Containing about ten percent 
of geraniol and 60 percent of geranyl 
acetate, in addition to small quantities 
of butyric esters, this oil has a most 
pleasant fruity odor. However, only 
small quantities are available at present, 
in Australia and Guatemala. 

Industrial Oils. These oils contain 
piperitone and phellandrene as principal 
constituents. They are distilled in Aus- 
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tralia from the foliage of certain euca- 
lyptus species, such as EZ. dives Type, E. 
dives var. “A”’, E. numerosa, E. numer- 
osa var. “A”, E. australiana var. “B” 
(E. phellandra). These oils are used for 
several technical purposes—mineral flo- 
tation, solvents, germicides, deodorants, 
for the manufacture of synthetic thymol 
or menthol, etc. No industrial eucalyp- 
tus oils have so far been produced in the 
Western Hemisphere. 


Geranium Oil 

There are two principal types of gera- 
nium oil, both distilled from the flower- 
ing tops of Pelargonium graveolens 
(Geraniaceae) and closely related spe- 
cies. Of the two types of oil, the more 
important is the Réunion or Bourbon oil, 
produced on the small island of Réunion 
in the Indian Ocean about 400 miles east 
of Madagascar. The other type, the 
Algerian or African oil, has lost much of 
its former importance. 

The Réunion oil ?* is produced in the 
highlands of that picturesque tropical 
island by a large number of small 
growers and sharecroppers, usually im- 
poverished descendants of early French 
immigrants. Because of lack of running 
water and good roads in the highlands 
of Réunion, the plant material, grown on 
numerous fields and patches of land, 
must be distilled in small field stills, 
almost all of which are quite primitive. 
Between 1936 and 1940 exports of gera- 
nium oil from Réunion averaged about 
120 metric tons per year. In 1947/48, 
however, exports fell to 34 tons pri- 
marily for two reasons: the powerful 
sugar industry has lured much of the 
farm labor to the lowlands, and the ge- 
ranium fields have suffered a great deal 
of damage by terrific cyclones which in 
recent years have attacked the island 
repeatedly. The cyclone of January 25, 
1949, for example, was of unprecedented 
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violence and destroyed about 80 percent 
of the geranium plantings. No wonder 
then that many growers became dis- 
couraged and have switched to other 
activities. As a result, production of the 
oil on the island has fallen off sharply 
in recent years and prices have risen 
correspondingly. Large lots are now 
practically unobtainable, and the quality 
of the shipments leaves much to be de- 
sired. No immediate relief is in sight. 

The Algerian oil was formerly pro- 
duced in large quantities, the peak year 
being 1928, when almost 143 metric tons 
of geranium oil were exported. Since 
then production in Algeria has dimin- 
ished steadily, and in 1948 only 8.6 tons 
were exported. The cause of this decline 
has been the high cost of production now 
prevailing in Algeria. The latter is not 
a colony of France but a Département, 
and all the social laws affecting the cost 
of labor in continental France apply 
automatically to Algeria also. More- 
over, land in Algeria has become very 
scarce and expensive, all of the fertile 
terrain being devoted to the growing of 
grapes, cereals, fruit trees and early 
vegetables. 

Moroccan geranium oil has recently 
made its debut on the French market. 
Its quality resembles that of the best 
Algerian oils; in fact, connoisseurs have 
declared it superior. Production of the 
oil was started only a few years ago by 
an enterprising expert grower near Khé- 
misset, on the road between Rabat and 
Meknés '*. Grave handicaps had to be 
overcome in.the development of the new 
venture; in 1947, for example, a swarm 
of locusts ravaged about 50 hectares of 
nursery beds. Under favorable condi- 
tions about six metric tons of this type 
of oil can be expected per year in the 
future. However, the oil is expensive 
and can be used only in high-grade toilet 
preparations. 


14 Jbid., Vol. IV: 707. 


RECENT DEVELOPMENTS 
There is still another type of geranium 
oil, different from the Réunion and the 
North African, hence not included in the 
classification given above. This is Congo 
oil, produced in the Belgian Congo since 
about 1932. Supplies, however, have not 
been regular, and some of the lots reach- 
ing the world markets have been of sub- 
standard quality. The industry is not 
yet firmly established and production 
has been irregular, but at present the 
Colonial Government is making efforts 
to improve the quality of the oil, which 
later could be developed into a source 
of considerable revenue to the colony. 
As regards the Western Hemisphere, 
no serious efforts have as yet been made 
by private interests to produce the oil on 
a large commercial scale, although the 
soap and allied industries are keenly in- 
terested in this oil and could absorb 
large quantities regularly. The failure 
to exploit these possibilities may appear 
strange in view of the fact that many 
sections of Latin America offer good eco- 
logical conditions for producing the oil. 
The principal reason for the omission 
seems to lie in the lack of proper plant- 
ing material. There are numerous fra- 
grant species and varieties of Pelar- 
gonium which contain essential oil, but 
the oils derived from these varieties in 
regard to odor differ so much from the 
well known Réunion and North African 
oils that the trade cannot adopt them in 
established formulae. The _ problem, 
therefore, narrows down to that of pro- 
curing the proper planting material from 
Réunion Island, North Africa or South- 
ern France (Grasse region). However, 
our friends in these countries seem to be 
loath to furnish us with a sufficient sup- 
ply of slips or cuttings—despite the 
generous Lend-Lease, Marshall Plan and 
other forms of help the United States 
has given to those countries. The United 
States Department of Agriculture has 
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experimented with the cultivation of 
Pelargonium odoratissimum L. in Florida 
and in southern California. Results 
have, in general, been favorable, but any 
commercial venture there would have to 
be based upon the use of mechanical 
cultivators and cutters, as the high cost 
of agricultural labor prevailing in the 
United States excludes any possibility of 
using hand labor. 


Guaiac Wood Oil !* 


This is distilled from the heartwood of 
the trunk and heavy branches of Bul- 
nesia sarmienti Lor. (Zygophyllaceae), 
a medium-sized tree which occurs wild 
and abundantly in the Gran Chaco, the 
famed “ Green Hell” covering parts of 
Paraguay and Argentina. The wood, 
being very hard, is occasionally used for 
the making of ornaments, canes, ete. 
Years ago logs were shipped to Europe 
for distillation of the wood in modern 
distilleries. After the first World War, 
however, freight charges became so high 
that the logs had to be processed locally, 
and a few distilleries in Paraguay started 
production of this oil. At present there 
is one distillery in the suburbs of Asun- 
cidn, capital of Paraguay, one in Fila- 
delfia, center of a large Mennonite col- 
ony in the heart of the Gran Chaco, and 
another about 20 miles north of Fila- 
delfia. This last distillery is located in 
the vast forests where the trees are 
abundant and readily available, obvi- 
ating the added cost of hauling the felled 
logs out of the woods. The three distil- 
leries now produce about 17 metric tons 
of guaiae wood oil per year. This out- 
put could be increased if the producers 
were encouraged by more attractive 
prices. These have been low, especially 
in view of the tremendous amount of 
labor and hardship connected with the 
felling of the logs, their transport out of 
the forests, lengthy distillation of the 
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chipped wood, and poor yield of oil. The 
writer had occasion fairly recently to 
visit the Mennonite colony in the center 
of the Gran Chaco, and was deeply im- 
pressed with the work being done by 
these sincere hardy pioneers who, with 
their families, now number about 9,000. 
Most of the older members were born in 
Russia (Ukraine, Volga and Siberia) 
and in the early 1930’s emigrated to the 
Gran Chaco. For years they suffered 
incredible hardships—famine, tropical 
diseases, attacks of hostile Indians, etc. 
—but now the colony is firmly estab- 
lished, raising fine cattle, corn and beans 
and producing guaiac wood oil as a side 
line. A stay among these simple devout 
people reminds the visitor of accounts of 
the early pioneer days in Pennsylvania. 


Lavender Oil 


This very important essential oil is 
derived from the flowering tops of La- 
vandula officinalis Chaix, a fragrant herb 
of the family Labiatae, which grows 
wild on sunny mountain slopes and is 
also cultivated in southern France, par- 
ticularly in the Départements Basses 
Alpes, Dréme and Vaucluse **. Most of 
the lavender oil offered on the market 
originates from these regions. Total pro- 
duction in southern France has varied 
greatly over the course of years; about 
25 years ago it ranged from 140 to 150 
metric tons annually, but lately it has 
been only 45 to 65 tons. In recent 
months prices have risen spectacularly, 
the result probably of the heavy demand 
that since the outbreak of the Korean 
War has affected practically all essen- 
tial oils that are short in supply. At 
present only limited quantities of laven- 
der oil are available, and lots of good 
quality appear to have become very 
rare. It is hoped that the coming pro- 
ducing season in August will alleviate 
the situation. 
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Outside of southern France, limited 
quantities of lavender oil, up to about 
eight metric tons per year, are produced 
in the adjacent parts of Italy, but these 
lots seldom reac! oversea markets under 
their proper label, being either consumed 
in Italy or mixed with French oils and 
shipped abroad from Grasse as French 
oils. Production in England is almost 
negligible, the small quantities of oil 
formerly supplied by Hungary are no 
longer available, and the Russian oil 
occasionally offered during the years of 
World War II seems to have been with- 
drawn from the market. As regards the 
Western Hemisphere, a few hundred 
pounds of oil per year have been pro- 
duced regularly since about 1935 near 
Olympia on Puget Sound, Washington !°. 
This venture must be considered as an 
experiment instead of a regular commer- 
cial enterprise. It has definitely proven, 
however, that lavender oil of good qual- 
ity and normal ester content (38/42 per- 
cent) can actually be produced in the 
United States under favorable ecological 
conditions—but only if cultivation and 
harvesting can be carried out by me- 
chanical means. If hand labor had to 
be employed—as is still done in southern 
France—the prospects for financial suc- 
cess would be hopeless. The problem 
thus narrows down to one of designing 
and constructing an efficient harvesting 
machine, which may not be impossible 
but certainly would be very costly. 

In tropical countries lavender does not 
grow well; hence production of the oil in 
most parts of Central and South Amer- 
ica is out of the question. There are 
some lavender plantations in the cool 
highlands of Mendoza (Argentina), but 
the plants seem to be other than true 
Lavandula officinalis and yield an oil 
with a very low ester content (about ten 
percent). With proper and selected 
planting material introduced from south- 
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ern France, high-grade lavender oil 
could most likely be produced in certain 
parts of Argentina, but that country’s 
social laws, so partial to labor, discour- 
age potential growers from entering this 
field. Even under favorable conditions, 
it is difficult to grow lavender because 
the first harvest cannot be reaped earlier 
than three years after planting. In ad- 
dition, successful growing of lavender 
requires a great deal of experience. 
There are many other crops much more 
promising to the producer. 


Lavandin Oil 


Distilled from the flowering tops of 
Lavandula hybrida Reverchon?*, this 
may be considered a lower grade of 
lavender oil, containing from 18 to 25 
percent of esters (calculated as linalyl 
acetate), instead of the 38/42 percent in 
very good, and 50/52 percent in highest 
grade lavender oils. The odor of lavan- 
din oil is somewhat harsher and more 
‘amphoraceous than that of true laven- 
der; hence its great usefulness in the 
scenting of soaps and technical prepa- 
rations, as a lower priced substitute for 
lavender oil. Like the latter, oil of 
lavandin is produced almost exclusively 
in the South of France, particularly in 
the Département Basses Alpes, where 
large plantations yielding a very good 
grade of oil were started some years ago. 
Being a hardier plant, lavandin lends 
itself to cultivation on regular planta- 
tions much more readily than true laven- 
der does; the latter yields less oil per 
acre, and the plantings are shorter-lived 
than those of lavandin. Practically all 
lavandin oil, therefore, originates from 
plantations, not from wild growing 
plants. Because of the relative ease of 
cultivation and the heavy demand for 
the oil, production of lavandin oil has 
increased from about 100 metric tons in 
1939 to approximately 200 tons in 1948. 
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No lavandin oil has been produced 
ommercially in the Western Hemi- 
sphere, nor have any attempts to this 
effect been made. 


Lemongrass Oil 


There are two types of lemongrass oil, 
the East Indian, distilled from Cymbo- 
pogon fleruosus (D.C.) Stapf, a grass 
grown extensively near the Malabar 
Coast in southwestern India, and the so- 
‘alled West Indian type, derived from 
Cymbopogon citratus (D.C.) Stapf, a 
grass cultivated widely on some of the 
West Indian islands, in Guatemala, Bra- 
zil, northern Argentina, Madagascar, the 
Comoro Islands, parts of Africa, and 
Indo-China. Both types of oil contain 
a high percentage of citral (up to 85 
percent, by the bisulfite method), but 
they differ in regard to solubility, the 
Kast Indian oil being more soluble in 70 
percent alcohol. Oil of lemongrass, the 
Kast Indian as well as the West Indian, 
is one of the most important essential 
oils, being used widely, as such, for the 
scenting of soaps and technical prepara- 
tions, and for large-scale isolation of 
citral which can be converted into the 
important ionones. £-Ionone is now em- 
ployed as raw material for the commer- 
cial synthesis of vitamin A. No wonder 
then that the demand for lemongrass oil 
has risen substantially in the course of 
the last years, and available supplies 
hardly cover present requirements. 

East Indian Oil*®. Recently prices 
have risen to unprecedented high levels. 
Sizable quantities are now unavailable, 
and only limited offers are being made. 
It almost seems as though the East In- 
dian producers were trying to find out 
how much they can charge for the oil. 
What effect the recently enacted price 
stabilization will have on future offers 
from India remains to be seen. Replace- 
ment prices today are probably higher 
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than most present ceiling prices. This, 
by the way, applies not only to lemon- 
grass oil but to practically all essential 
oils mentioned in this survey. 

In East India the lemongrass is grown 
by a great many native peasants, usu- 


ally on small patches, and distilled in - 


numerous primitive field stills. The oil 
reaches the exporters in Cochin through 
a chain of field and town brokers who 
purchase the small lots from native dis- 
tillers. In 1947/48 about 230 long tons 
of lemongrass oil were exported from 
India. 

West Indian Oil. Heaviest producer 
of West Indian lemongrass oil is now 
Guatemala *! which country supplies on 
the average about 200,000 pounds of oil 
per year, production being on the in- 
crease. The history of Guatemala’s 
lemongrass oil industry closely resem- 
bles that of citronella. The oil is pro- 
duced by a number of large-scale growers 
and distillers, and sold exclusively 
through the Asociacién de Productores 
de Aceites Esenciales in Guatemala City. 

Another important supplier of West 
Indian lemongrass oil is the island of 
Haiti which exports up to 25 metric tons 
of oil per year. Experiments at growing 
lemongrass in Honduras have been given 
up as unsuccessful. The same holds true 
of Florida, where cost of labor is much 
too high to produce the oil economically. 
Limited quantities of lemongrass oil are 
obtained in Brazil and in the northern 
part of Argentina, but these are not 
sufficient to satisfy even the domestic 
market. 

Production of lemongrass oil in the 
Western Hemisphere at best covers only 
part of the requirements of the United 
States. Moreover, American buyers find 
European competition exceedingly keen, 
which situation has resulted in a con- 
tinuous price struggle at the expense of 
the consumer. 
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The limited quantities of lemongrass 
oil supplied by Madagascar (Nossi-Bé), 
the Comoro Islands, the Belgian Congo 
and other parts of Africa are readily 
absorbed by Europe’s essential oil in- 
dustry. In French Indo-China about 20 
metric tons were produced annually be- 
fore World War II and shipped largely 
to France. Nothing is known here of 
the present picture in that country. 


Origanum Oil 


This is distilled from the overground 
parts of Coridothymus capitatus Rehb. 
(Labiatae), an herb related to thyme 
and growing profusely in Andalusia, 
Spain. Origanum oil contains from 60 
to more than 70 percent of phenols 
(chiefly carvacrol), whereas thyme oil 
contains from 50 to 60 percent of phenols 
(chiefly thymol). In Spain the oil is 
produced in field stills located near an 
ample supply of plant material **. The 
herb grows wild over large areas; it is 
not cultivated. Before 1936 up to 20 
metric tons of oil per year were produced 
in Spain, but with the outbreak of the 
Civil War production declined, amount- 
ing to only 2.7 metric tons in 1950. As 
a matter of fact, the Spanish oil appears 
to have reached almost the vanishing 
point. Landowners lately have plowed 
the fields and mountains on which ori- 
ganum formerly grew profusely. More- 
over, as a result of drought, the plant 
has developed a disease which prevents 
normal growth and markedly reduces 
the yield of oil. Spanish origanum oil 
at present is very scarce and prices are 
high. 

For years sizable imports of origanum 
oil have reached the United States from 
Syria; in many instances this oil serves 
as a good substitute for the Spanish oil. 


Palmarosa Oil 


This is distilled from Cymbopogon 
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martini Stapf var. motia, a grass grow- 
ing wild in the central provinces of India. 
Methods of production are utterly primi- 
tive, the oil being produced entirely by 
natives in field stills. The oil contains 
a high percentage (up to 95 percent) of 
geraniol. Prior to World War II about 
30,000 pounds of palmarosa oil were ex- 
ported from India annually; most of it 
went to Europe. During the war pro- 
duction fell off considerably. At present 
the oil is in a peculiar position. Only 
very limited quantities are being offered, 
and the majority of recent shipments 
arriving in the United States are defi- 
nitely of poor quality, the result proba- 
bly of negligence in the selection of 
plant material used for distillation. In 
addition to the variety motia which 
yields the true palmarosa oil, the vari- 
ety sofia also grows in central India, 
yielding the so-called gingergrass oil. 
This latter contains much less geraniol 
than genuine palmarosa oil. 


Patchouly Oil 


Distilled from the dried and cured top 
leaves of Pogostemon cablin Benth. 
(Labiatae), an herb which flourishes in 
the fertile soil of humid tropical for- 
23 Because of their strong and last- 
ing odor, the leaves have been used in 
the Orient since early times for the 
scenting of shawls and other fabrics. 
The oil is one of the most valuable in- 
gredients in perfumes, cosmetics and 
high-grade soaps. Possessing a power- 
ful, very lasting and exotic “ heavy ” 
odor, patchouly oil cannot be simulated 
by combinations of other odors. Prior 
to World War II the oil was produced 
chiefly in northwestern Sumatra (Atjeh) 
and, to a smaller extent, in the adjacent 
parts of British Malaya (Singapore and 
Penang). The plant material used for 
distillation originated almost exclusively 
from small fields cultivated by natives. 


ests 
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The distilleries were usually owned by 
wealthier Malayans or Chinese. Limited 
quantities of dried leaves were exported 
from Malaya to Europe and the United 
States for processing in modern distilla- 
tion plants. The bulk of the oil, how- 
ever, came from Sumatra and British 
Malaya, total exports from these coun- 
tries averaging about 25 metric tons per 
year. A few thousand pounds of oil 
were shipped from the Seychelles Islands, 
another producing region, and small 
quantities from Madagascar (Nossi-Bé). 
The occupation of Sumatra by Japanese 
forces during the last war, and particu- 
larly the civil strife on that island after 
the war, appear to have materially 
damaged Sumatra’s patchouly industry. 
Plantings seem to have been neglected, 
the parcels of oils still produced are no 
longer being sent to Buitenzorg (Java) 
for analysis, and the quality of the lots 
smuggled from Sumatra to Singapore or 
Penang for transshipment from there 
has become quite inferior. In British 
Malaya the political situation has also 
deteriorated, marauding bands of com- 
munists attack villages and plantations 
in the interior, and the wealthier planters 
have left their property in the country 
for safety in the larger towns. This 
situation has resulted in greatly reduced 
production of patchouly oil and in a 
general lowering of quality. Until 1939 
prices of good patchouly oil on the New 
York market averaged about $5.00 per 
pound, during the war they reached the 
phenomenal figure of $80.00, and after 
the war they fell for a time to almost 
prewar levels; but lately they have 
again risen substantially, the result, 
probably, of heavy inventory buying. 
In the past few weeks the situation has 
improved somewhat and better grades 
are again reaching the world markets. 
According to late reports from British 
Malaya, new patchouly plantings have 
just been started and may soon come 
into production. The situation, how- 
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ever, remains critical, and no one can 
predict what the future will bring to 
British Malaya. If this part of Asia 
should ever fall into the hands of com- 
munist forces, the Western World would 
be deprived of its oldest and largest 
source of patchouly oil. 

In the light of this situation it seems 
most urgent that the Western Hemi- 
sphere develop its own source of supply 
in tropical Latin America. Many sec- 
tions—in the West Indies, Guatemala 
and Brazil, for example—offer excellent 
ecological conditions for the successful 
cultivation of this labiate, and a number 
of planters are eager to start production 
of the oil. Here again, the greatest 
handicap lies in the lack of planting 
material, which producers and agricul- 
tural experiment stations in Malaya are 
hesitant to give out. The picture is not 
hopeless, however. Fortunately, during 
the early days of the spice trade, two or 
three hundred years ago, Spanish and 
Portuguese ships returning from the Far 
East brought along many useful plants. 
These plants were frequently set out in 
gardens and propagated near some 
friendly port along the eastern coast of 
South America. Neglected in the course 
of centuries, stray plants can still be 
found here and there; these will have to 
serve for propagation on a large scale 
today. In old gardens of Paraguay and 
Brazil, for example, the writer found 
patchouly plants, introduced there prob- 
ably a long time ago. They have never 
been forgotten completely because in 
households the dried plants are still used 
for the scenting of linen. In the interior 
of Sao Paulo State (Brazil) large scale 
experiments in the cultivation of patch- 
ouly are being conducted at present—a 
long range and costly venture. The 
writer had occasion to examine the first 
samples of oil from this area and found 
them of excellent quality. If successful, 
this enterprise will be one of the most 
important in the vast program of devel- 
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oping a Pan-American essential oil in- 
dustry. Substantial quantities of good 
patchouly oil could then be expected 
from Brazil in a few years. Very 
recently a few plants of true Pogoste- 
mon cablin Benth. have been imported 
from British Malaya to Guatemala and 
are being propagated there at the pres- 
ent time. 
Peru Balsam *4 


This pathological exudate is collected 
from the trunk of Myrorylon pereira 
(Royle) Klotzsch (Leguminosae), a tall 
tree growing wild and exclusively in the 
great forests of the so-called “ Balsam 
Coast”, El Salvador, Central America. 
In normal years about 200,000 pounds 
of Peru balsam are produced annually 
in El Salvador, but lately production 
has been curtailed substantially, for un- 
known reasons. As a result of the short 
supply prices have more than doubled in 
the past few months. 


Petitgrain Oil 


The bulk of this oil is distilled from 
the foliage of the so-called bitter-sweet 
orange, which tree represents probably a 
hybrid of the true bitter (sour) orange 
(Citrus aurantium L. subsp. amara L.) 
and the sweet orange (Citrus sinensis 
(L.) Osbeck) (Rutaceae). The bitter- 
sweet orange occurs abundantly, wild 
and semi-wild over wide areas of Para- 
guay*®. For distillation purposes the 
tree is now cultivated extensively, the 
old stands of wild and semi-wild trees 
having been exploited recklessly in the 
past 50 years. Most of the field stills 
located in the interior of Paraguay are 
primitive and yield regular types of oil 
that contain from 43 to 55 percent of 
esters, calculated as linalyl acetate. In 
recent years a few modern field stills, 
originally designed for the production of 
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high-grade lavender oil in southern 
France, have been introduced into Para- 
guay, with the result that lately petit- 
grain oils containing up to 85 percent of 
esters have been offered from Paraguay. 
In these stills the retort is surrounded 
by a steam bath which keeps the tem- 
perature within the retort high and per- 
mits rapid distillation. This prevents 
accumulation of condensed water inside 
the retort, hence reduces hydrolysis of 
the esters to a minimum. 

In normal years Paraguay produces 
from 200 to 250 metric tons of petitgrain 
oil annually; production could be in- 
creased if demand and prices should 
warrant it. Recently supplies of the oil 
from Paraguay have been very short— 
at times, in fact, almost unavailable— 
as a result of the unfortunate currency 
control imposed by the Paraguayan Gov- 
ernment. The guarani/dollar exchange 
rate applying to exports of petitgrain 
has been fixed at such an artificially low 
dollar value that shippers receive in 
payment, for their exports, less domestic 
money (guaranis) than they need to 
replace the quantity of oil shipped. In 
other words, honest dealers exporting 
through legal channels would at present 
lose considerable money on every trans- 
action, hence they must decline orders 
from abroad. This situation has re- 
sulted, naturally, in a lowered produc- 
tion of Paraguayan petitgrain oil. Some 
lots still reach oversea markets, but 
these are usually parcels that have been 
smuggled out of Paraguay—via Argen- 
tina or Brazil. Illicit traffickers obtain 
regular dollar payments for their oil and 
can exchange these dollars on the black 
market against guaranis at rates almost 
three times as high as the Paraguayan 
Government would grant to the exporters 
operating through legitimate channels. 
It is to be hoped that this unfortunate 
situation will soon be remedied, either 
by a general devaluation of the gua- 
rani—there are many rumors to this 
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effect—or by the institution of a normal 
dollar/guarani exchange rate applying 
to the exports of petitgrain oil. The 
latter is a very useful adjunct in the 
scenting of soaps, and large quantities 
could be used if the oil were freely 
available. 

About 1930 production of petitgrain 
oil was started on the island of Haiti; 
in 1947/48 it reached almost nine metric 
tons. The quality of the oil was excel- 
lent, the ester content varying between 
60 and 80 percent. However, the Haitian 
oil has not been offered lately in the 
United States, a situation which, per- 
haps, may change. 

Small quantities of petitgrain oil, dis- 
tilled from the foliage of the true bitter 
(sour) orange tree, are produced in the 
Grasse region of southern France, in 
North Africa and Sicily. This type of 
oil is very good quality, hence much too 
costly to be used for the scenting of 
soaps and technical preparations. 


Pine Needle Oil, Siberian 


This type of oil, actually a fir needle 
oil, is produced from the terminal 
branches and adhering needles (leaves) 
of Abies sibirica Ledeb. (Pinaceae), a 
tree occurring over wide areas in the 
US.S.R. Exports of the oil are entirely 
in the hands of the Russian Govern- 
ment, and no information as to produc- 
tion figures is available. The quanti- 
ties offered on the American market are 
usually taken up in their entirety. Prices 
are absolutely out of our control. 


Pine Needle Oils, Tyrolean 


For many years substantial quantities 
of pine, spruce and fir needle oils have 
been produced in the Austrian Tyrol and 
adjacent sections of northern Italy and 
Yugoslavia. The oils are distilled from 
the terminal branches and adhering 
needles (leaves) of several genera and 
species of coniferous trees which grow 
wild and abundantly in the great forest 
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covering the Tyrol’s beautiful moun- 
tains. Most important of these are 
Abies alba Mill., Pinus sylvestris L., 
Picea excelsa Lk., Pinus mugo Turra 
var. pumilio, and Pinus cembra, all be- 
longing to the plant family Pinaceae. 
Production of the oils represents a side 
industry in the strictly controlled Tyro- 
lean forest management program (lum- 
bering and thinning of the woods). 
Quality of the oils has been excellent, 
and their prices most reasonable, par- 
ticularly in comparison with the gener- 
ally high price level now prevailing in 
the essential oil industry. Tyrolean pine 
and fir needle oils have been employed 
in Europe for a long time and most suc- 
cessfully—for example in bath prepara- 
tions; their production could be increased 
still further. These really fine oils de- 
serve much wider recognition and use in 
the United States. 

In North, Central and South America 
production of needle oils from coniferous 
trees is very limited. Small lots of oil 
are distilled in the northeastern and 
northwestern parts of the United States 
and adjacent sections of Canada, from 
(L.) Carr., the so- 
valled Eastern or common hemlock; 
Tsuga heterophylla (Raf.) Sarg., the 
Western hemlock; Picea mariana ( Mill.) 
B.S.P., the black spruce; Picea glauca 
(Moench) Voss, the white spruce, all 
belonging to the plant family Pinaceae; 
and from Thuja occidentalis L., the East- 
ern white cedar (Cupressaceae). How- 
ever, the high wages prevailing in North 
America prevent any substantial expan- 
sion of this industry. 


Tsuga canadensis 


Rosemary Oil 


Large quantities of this important oil 
are produced in Spain, and lately also in 
Tunisia, from the overground parts of 
Rosmarinus officinalis L. (Labiatae), a 
small evergreen shrub growing wild and 
abundantly on sunny hillsides in Medi- 
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The oil 


is dis- 
tilled, almost throughout the year, in 


terranean countries *°. 
numerous field stills in areas where 
plants are readily available. Between 
1931 and 1935 Spain produced from 60 
to 150 metric tons of rosemary oil per 
year, but with the outbreak of the Civil 
War the quantity fell to about ten tons. 
Since the end of hostilities in 1939 pro- 
duction has increased again, amounting 
to about 175 metric tons in 1950. This 
increase resulted from the very high 
wages which the producers paid for the 
collection of the plant material. 

Encouraged by the paucity of supplies 
coming from Spain during the Civil 
War, Tunisia started to produce rose- 
mary oil and is now furnishing about 30 
metric tons per year. Production in 
Tunisia seems to be gradually increas- 
ing; most of the oil goes to France and 
other parts of Europe. 

Dalmatia has lost its former dominant 
position as a rosemary oil supplier, which 
that country held up to the outbreak of 
the first World War. 

No rosemary oil is produced in the 
Americas, probably because there are no 
regions in which the wild plant grows as 
abundantly as in Mediterranean coun- 
tries. For distillation on a commercial 
scale, the plant would have to be culti- 
vated on large plantations. 


Sandalwood Oil, East Indian ** 


Another important essential oil that 
‘vannot be replaced by combinations of 
other odors.. The oil is distilled from 
the heartwood (root, trunk and heavy 
branches) of Santalum album L. (San- 
talaceae), a medium-sized tree growing 
wild and cultivated in the southern parts 
of India (Mysore and Coorg) and on 
the island of Timor. Chief producer of 
the oil is the Government of Mysore 


26 Tbid., Vol. III: 695. 
27 Jbid., Vol. V: 173. 


RECENT DEVELOPMENTS IN 
which holds a complete monopoly over 
the sandalwood industry of that prosper- 
ous State. Every single sandalwood tree 
growing in Mysore State belongs to the 
Government, and most of the wood is 
distilled in the Government-owned fac- 
tory in Mysore, capital of the State. 
Some wood is exported by the Mysore 
Government to the United States for 
distillation purposes in order to avoid 
the customs duty imposed by the United 
States upon imports of sandalwood oil. 
Small quantities of oil are produced in 
other parts of India from 
grown in the Province of Coorg, and in 
Europe from wood imported either from 
Coorg or from the island of Timor. 
Total world production of sandalwood 
oil, East Indian type, cannot be esti- 
mated easily; it may amount to about 
300,000 pounds per year. Prices have 
been high lately, and indications are 
that they may increase further in the 
near future. 

There is no possibility of sandalwood 
oil production in the Western Hemi- 
sphere for years to come because large 
stands of the tree are non-existent in 
tropical America. When visiting Asun- 
cidn, capital of Paraguay, a short time 
ago, the writer, to his great surprise, 
found a few sandal trees in a garden 
where they were planted a long time 
ago, probably from seed brought by 
early Spanish or Portuguese navigators 
from the Far East. The writer made 
arrangements to plant seeds of these 
trees elsewhere in order to propagate 
them for future uses. However, it will 
take 30 years of growth for the trees 
to develop sufficient heartwood for dis- 
tillation. 


Sandalwood Oil, West Indian ** 


sandalwood 


Distilled from the trunk and large 
branches of Amyris balsamifera  L. 
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(Rutaceae), a tree that occurs wild and 
in large numbers on the island of Haiti. 
This so-called sandalwood oil has no 
similarity to the East Indian product. 
The two types differ widely in odor and 
physico-chemical properties, and the 
West Indian oil could never replace the 
much more valuable East Indian. Al- 
though known for a long time, West 
Indian sandalwood oil has been pro- 
duced in substantial commercial quanti- 
ties only since about 1941. In the past 
few years, annual production has varied 
between 10 and 20 metric tons, but this 
total could be increased to 50 tons if 
demand and prices should warrant it. 
Ample supply of wood is available, but 
present distillation facilities would have 
to be increased. 

The oil is employed as an adjunct in 
the scenting of soaps and_ technical 
preparations. 


Sassafras Oil, Brazilian 


Distilled from the trunk of Ocotea 
pretiosa Benth., also known as Ocotea 
cymbarum (Lauraceae), a tall tree that 
grows wild and most abundantly in the 
vast virgin forests of Santa Catarina *® 
(southern Brazil), a State settled mostly 
by people of German, Swiss and Aus- 
trian descent. The oil was first distilled 
experimentally in 1938; since then com- 
mercial production has been undertaken 
on a very large scale, reaching as much 
as 300 metric tons in certain years. The 
oil contains about 90 percent of safrole, 
a phenolic ether that serves as starting 
material for the preparation of helio- 
tropin. Despite its value in the industry 
of synthetic aromatics, prices for the oil 
have been surprisingly low, leaving no 
adequate returns for the producers. 
Under these conditions operators have 
been forced to resort to the cheapest 
means of production, which is to exploit 
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the vast stands of trees recklessly, with 
no thought of reforestation. A number 
of distilleries have had to cease opera- 
tion because all trees growing in the 
nearby forests have been cut down, and 
the low prices paid for the oil do not 
permit haulage of the trunks from more 
distant points. A few distilleries have 
moved further inland, closer to new 
sources of timber, but this requires a 
considerable investment of capital which 
at present oil prices cannot easily be 
amortized. If the present rate of exploi- 
tation is continued another ten years, 
there will be no Ocotea trees left in the 
State of Santa Catarina, and its sassa- 
fras oil industry will be reduced sharply, 
if not halted entirely. At present only 
the trunks and heavy branches are used 
for distillation, the low prices paid for 
the wood not permitting extraction of 
the heavy roots from the ground. There 
are millions of stumps left in the soil, 
and large quantities of oil could be pro- 
duced from these, if prices were suffi- 
ciently high to warrant the expense of 
pulling the stumps—a difficult task that 
requires machinery. If left in the ground 
too long the roots rot and gradually be- 
come useless for distillation purposes. 


Spike Lavender Oil 


Distilled from the flowering tops of 
Lavandula latifolia Vill. (Labiatae), a 
plant resembling lavender and lavandin. 
It grows wild and abundantly on arid 
hillslopes and plains of central and 
southeastern Spain *°, which country is 
the principal supplier of the oil. The 
field stills employed for the production 
of spike lavender oil closely resemble 
those employed for rosemary, but distil- 
lation takes place only in August and 
September, when the plant blooms—not 
all year round, as in the case of rose- 
mary. Oil of spike lavender possesses 
an odor resembling lavender and lavan- 
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din, but sharper and more camphora- 
ceous; hence its great usefulness in the 
scenting of soaps and technical prepara- 
tions. In the years before the outbreak 
of the Civil War in 1936, Spain produced 
annually from 80 to 125 metric tons of 
spike lavender oil; during that war the 
output fell to as low as 12 tons in 1938. 
More recently it has risen again, amount- 
ing to 175 tons in 1946, 95 tons in 1947, 
50 tons in 1948, and 145 metric tons in 
1950. Production has thus varied con- 
siderably from year to year. 

No spike lavender oil is produced in 
the Western Hemisphere, for the simple 
reason that there are no areas where the 
plant grows wild and abundantly. To 
produce the oil in America on a commer- 
cial seale, large plantations would have 
to be started—a costly task, especially 
in view of the fact that for about the 
same investment the much more valuable 
lavender or lavandin could be planted. 


Styrax, American *! 


Styrax or gum styrax is the exudate 
from the trunk of Liquidambar styraci- 
flua L. (Hamamelidaceae), a tall tree 
growing wild in the vast forests of Hon- 
duras and adjacent sections of Central 
America. Almost 99 percent of the Hon- 
duran styrax originates from the Prov- 
ince of Olancho, an almost inaccessible 
mountainous region covered with tropi- 
‘al forests. Collection of the gum is 
entirely in the hands of Indian tribes- 
men (Payas) who in the dry season 
penetrate the woods and return with 
skins, hides and styrax. For the gather- 
ing of the latter, the tree trunks are now 
tapped, very much like rubber (Hevea) 
trees, the older method of felling the live 
trees having been prohibited by law as 
too wasteful. During the rainy season 
(from July to October) the forests be- 
come absolutely inaccessible and collec- 
tion of the gum ceases. Even during 
good weather the gathering of styrax 
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represents a difficult and often danger- 
ous task which can be performed only 


by hardy natives familiar with the 
woods and habituated to a very low 
standard of living. Their needs are 


primitive and few, so that even a sub- 
stantial rise in the price of the styrax 
would not induce them to gather larger 
quantities; on the contrary, they would 
only work correspondingly less and spend 
their spare time in leisure. It is pri- 
marily for this reason that production 
of styrax cannot be increased much 
above the present average of 500,000 
pounds per year. 


Thyme Oil 


Distilled from the flowering tops of 
several species and varieties of Thymus, 
chiefly 7. vulgaris L. and T. zygis L., 
sub-shrubs growing wild and abundantly 
on barren hillslopes and plains in Medi- 
terranean countries **. For years, prin- 
cipal producer of the oil has been south- 
eastern Spain (Provinces of Murcia and 
Almeria), where the oil is distilled in 
simple field stills, closely resembling 
those employed for origanum. Oil of 
thyme contains from 50 to 60 percent of 
phenols (chiefly thymol). Since the end 
of World War II, production of thyme 
oil in Spain has fluctuated between five 
and 25 metric tons per year, amounting 
to 18 tons in 1950. Because of the 
drought, the plants did not develop suffi- 
ciently. With the numerous field stills 
available and with the great demand for 
the oil, suppliers had hoped to produce 
at least 40 tons of oil. 

No thyme oil is produced in the West- 
ern Hemisphere. As in the case of many 
other aromatic plants, there are no areas 
in America where the thyme plant grows 
wild and in sufficient abundance to make 
commercial distillation worthwhile. To 
produce the oil, the thyme would have 
to be cultivated on large plantings. 
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Vetiver Oil 


Distilled from the dried aromatic 
rootlets of Vetiveria zizanioides Stapf, a 
grass which grows cultivated, semi-wild 
and wild in many tropical countries— 
India, Java, Réunion Island, Haiti, 
Guatemala and Brazil among them **, 
In India the plant, known since time 
immemorial, has been cultivated for 
several purposes: the whole plant pre- 
vents soil erosion on slopes of hills and 
protects partitions in terraced rice fields 
against collapse; the leaves serve for the 
thatching of huts; and the fine rootlets 
-an be woven into fragrant mats or used 
as sachets for the scenting of fabrics. In 
many countries the plant has escaped 
cultivation and an now be found grow- 
ing wild or semi-wild in large numbers. 

Oil from Java. Prior to World War 
II the heaviest producer of vetiver oil 
was Java which then furnished from 30 
to 35 metric tons of the oil per year. 
The invasion of Java by Japanese forces 
almost ruined the vetiver industry of 
this once prosperous island. The larg- 
est distillery specializing in the process- 
ing of vetiver root was burnt down and 
at present Java exports only a few tons 
of oil per year. Occasionally small par- 
cels of Java vetiver oil are offered on the 
New York market, but this type of oil 
can no longer be considered a regular 
article of commerce. 

Oil from Réunion Island. The second 
largest supplier of vetiver oil in prewar 
years was the island of Réunion in the 
Indian Ocean, east of Madagascar. Pro- 
duction there varied from five to 12 
metric tons per year; in 1945 it rose to 
15 tons. This increase resulted most 
likely from the dearth of Java vetiver 
oil on the market and consequent high 
prices. Lately production seems to have 
fallen off again for several reasons, prob- 
ably the same reasons that have also 
curtailed the supply of Réunion gera- 
nium oil. At present it is quite difficult 
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to purchase substantial lots of Réunion 
vetiver oil, and quality must be watched 
most carefully. 

Oil from Haiti. The vetiver plant was 
introduced into Haiti probably more 
than 150 years ago, when that West In- 
dian island was one of France’s most 
prosperous possessions, growing valuable 
crops on the then rich soil—now eroded 
by neglect and years of poor manage- 
ment. In early colonial days the vetiver 
plant was probably used against soil ero- 
sion; in some places this is still being 
done. Since then this grass has escaped 
cultivation and can now be seen in large 
stands. Some of the plants have been 
in the ground many years, and the roots 
have grown very old. This fact has con- 
siderable influence upon the quality of 
the oil, as noted later. Production of 
vetiver oil in Haiti was started about 
1941 and has now reached approxi- 
mately ten metric tons per year. The 
oil is at present offered freely on the 
North American market and is finding 
ever wider recognition in the trade, 
gradually replacing the Java and Ré- 
union oils. This development, again, 
offers a good example of what can be 
accomplished in the Western Hemi- 
sphere as regards development of a new 
essential oil industry. 

Oils from Central and South America. 
The vetiver plant grows not only in 
Haiti but also on some of the other West 
Indian islands, Dominica for example; 
furthermore in Central (Honduras, 
Guatemala, ete.), and South America 
(Brazil, in particular). More or less 
successful experiments in producing the 
oil on a commercial scale have been 
made in several of these Latin American 
countries. The most important develop- 
ment is in the State of Sao Paulo (Bra- 
zil), where several tons of vetiver oil are 
now produced. Most of this oil, how- 
ever, is absorbed by the domestic mar- 
ket which appears to offer better prices 
to the producers than the U. 8. market. 


In this connection it may be interesting 
to mention briefly an example of what 
may happen if a grower starts on an 
essential oil program without the neces- 
sary “know-how”. Some years ago a 
large agricultural enterprise in the inte- 
rior of Sao Paulo State laid out several 
hundred acres of vetiver plantations in 
laterite soil without realizing that veti- 
ver should be grown only in_ loose 
ground. When the roots were extracted 
from the compact laterite, their fine 
hairy parts, which contain most of the 
oil, broke off and stayed in the ground. 
This naturally resulted in such a low 
yield of oil per acre that the cost of the 
oil became prohibitive. 

Before closing this section a few words 
should be added about the quality of 
vetiver oil. This depends chiefly upon 
two factors, viz., the method, particu- 
larly the length, of distillation, and the 
time the roots are permitted to stay in 
the ground—in other words, the age of 
the plant. The most valuable constitu- 
ents of vetiver oil are contained in the 
high boiling fractions; to capture these 
the roots have to be distilled many 
hours. As regards the age of the roots, 
they should be left to mature in the 
ground about two years after planting. 
Younger roots may give a better yield 
of oil, but the oil will be of low specific 
gravity and lacking in the valuable high 
boiling constituents. If the roots stay 
in the ground longer than two years, the 
vield of oil diminishes considerably and 
the oil becomes very viscous, assuming 
a dark color.. It is chiefly because of 
the age of the root material that vetiver 
oils from Java, Réunion Island and 
Haiti exhibit such marked differences. 
The Java oil is distilled mostly from 
roots one year old, the Réunion oil from 
roots usually two years old, while the 
Haiti oil is often derived from roots of 
wild and semi-wild plants that have been 
in the ground many years. Haitian 
vetiver oil, therefore, is of somewhat 
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dark color, quite viscous and of “ heavy ”’ 
very lasting odor. Because of its good 
quality, the Haitian oil is finding in- 
creasing recognition in the trade. 


Ylang Ylang Oil ** 


Distilled from the flowers of Cananga 
odorata Hook. f. et Thomson, var. genu- 
ina (Anonaceae), a tree native probably 
to the Moluccas or Philippine Islands but 
now cultivated extensively in Nossi-Bé 
(a small island off the northwestern 
coast of Madagascar), in the adjacent 
sections of Madagascar proper, in the 
Comoro Islands and on Réunion Island. 
The true ylang ylang tree must not be 
confused with the closely related ca- 
nanga tree which grows semi-wild in 
Java and yields an essential oil quite 
inferior to ylang ylang oil. Ylang ylang 
oil was first produced in the Philippine 
Islands, about 1865, and for a long time 
Manila’s prosperous ylang ylang indus- 
try dominated the market, supplying the 
world with oils of excellent quality. 
World War I, however, sharply curtailed 
production of the Manila oil, and World 
War II practically ruined it, the once 
beautiful ylang ylang groves in and near 
Manila yielding to housing projects. 
Between 1900 and 1910 large plantings 
of ylang ylang were started on and 
around particularly on 
Nossi-Bé, in the Comoro Islands, and on 
Réunion. Gradually Madagasear’s ylang 
ylang industry replaced that of Manila, 
supplying the world annually with about 
50 metric tons of oil. About one-half of 
this quantity formerly came from the 
small island of Nossi-Bé which furnished 
some of the finest brands of oil. Next to 
Nossi-Bé the Comoro Islands and Mada- 
gascar proper have been the most im- 
portant producers of ylang ylang oil; on 
Réunion Island production has fallen to 
about 1,500 kg. annually, chiefly as a 
result of Until 


Madagascar, 


economic conditions. 
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only two or three years ago, with the 
exception of the war years, supplies of 
ylang ylang oil from Nossi-Bé, Mada- 
gascar and the Comoro Islands con- 
tinued regularly, and the quality of most 
shipments was above reproach. Then 
suddenly the picture changed, and at 
present it is extremely difficult, if not 
outright impossible, to procure substan- 
tial lots of really good quality. Only 
very small parcels are now being offered 
from the islands, and the former grada- 
tion into “extra”, “ first”, “second ” 
and “third” qualities—fractions, in 
reality—appears to have lost all signifi- 
cance. A quality now offered as “ extra ” 
by one producer in Nossi-Bé should 
perhaps better be classified as a poor 
“first” if not “second”. Under the 
circumstances every lot of oil must now 
be evaluated on its own merits. This 
sudden decline in Madagascar’s ylang 
ylang industry must be attributed to two 
factors: 

First, during the last war producers in 
Madagascar were unable to sell their oil, 
hence neglected their plantations and 
did not plant new trees. Many of the 
old trees have now reached an age when 
their productivity declines rapidly. 
Moreover, during the war the trees were 
not pruned properly and_ regularly; 
therefore they grew to considerable 
height at the expense of flower develop- 
ment. This is true particularly of the 
bigger plantations belonging to the well- 
known large seale producers of oil, which 
require much field labor. As a result 
the flower harvest on Nossi-Bé in 1948 
was only about one-half of the prewar 
figures, and no increase is in sight for 
the immediate future. It takes about 
five years for a newly planted tree to 
reach the maximum of flower growth. 
Under these conditions the island of 
Nossi-Bé and adjacent parts of Mada- 
gascar proper can at present supply only 
about 11 tons of ylang ylang oil per 
year. Even this quantity, however, is 
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produced chiefly by small operators, 
some of them Indians, Chinese and 
natives who do not fractionate their oils 
into “extra”, “first’’, “second” and 
“third ” qualities, as the large distilleries 
do, but only into a “ first” and a “ sec- 
ond”. “Extra” and “third” qualities 
have thus become very scarce. 

The second factor in the general de- 
cline of Madagascar’s ylang ylang indus- 
try must be attributed to the terrific 
eyclone which hit the Comoro Islands 
on January 4, 1951, striking with such 
force that it killed about 50 people and 
severely damaged all plantations. This 
sort of catastrophe may of course affect 
production for several years. 

As regards the possibilities of pro- 
ducing ylang ylang oil in the Western 
Hemisphere, the immediate outlook is 
not too bright. There exists an experi- 
mental ylang ylang plantation in Maya- 
guez, Puerto Rico, but the quantities of 
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Glucuronic Acid. This acid and its de- 
rivatives have been recognized as growth fac- 
tors, aids in abdominal surgery, detoxifying 
agents, and therapeutics for rheumatism and 
arthritis. Synthetic production of the acid 
from corn has been undertaken in a new unit 
of the Corn Products Refining Company, at 
Argo, Illinois. (Chemurgic Digest 11(7): 8. 
1942). 


California Lemons. California produces 
about 97 percent of the nation’s total lemon 
crop, and about 97 percent of the California 
bearing acreage is located in the following 
seven counties: Los Angeles, Orange, River- 
side, San Bernardino, San Diego, Santa Bar- 
bara and Ventura. The principal products 
of the industry, apart from fresh fruit, are 
frozen lemonade concentrate, lemon beverage 
base, canned or bottled single-strength lemon 
juice, citric acid, powdered lemon juice, 
sodium citrate, lemon oil, dried lemon peel, 
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oi] that might be distilled from the 
flowers would be very small indeed. 


Another small planting is located near 
La Lima, Honduras, and other trees can 
be found scattered in Guatemala. Most 
promising, perhaps, for production of 
ylang ylang oil in tropical America is 
a plantation of about 1,500 trees, which 
the writer recently found on the island 
of Trinidad. Arrangements for experi- 
mental production of ylang ylang from 
the flowers of these trees have 
made with the owner of the grove. 


been 


Eprror’s Note: The reader is asked to bear 
in mind that this article was oriignally pub- 
lished in early 1951. Since that time, many of 
the conditions—both economic and ecological 
relating to and affecting the individual oils 
described herewith have changed. The situa- 
tion, therefore, with respect to availability and 
demand for certain of these oils is different 
now than when this report. was first written. 
This fact, however, in no way lessens its impor- 
tance in directing thought to the opportunities 
inherent for the botanist in this industry’s need 
for expanding sources of supply. 


Abstracts 


candied lemon peel, pectin, cattle feed and 
marmalade. These products, and especially 
the economic trends in the industry, are ex- 
tensively discussed in a recently published 
bulletin. (S. Hoos and R. E. Seltzer, Cal. 
Agr. Exp. Sta., Bull. 729). 


Vicara. Vicara, manufactured by the Vir- 
ginia-Carolina Chemical Corporation, Rich- 
mond, Va., from corn zein, is the only 
successful man-made protein textile fiber 
commercially produced in the United States, 
the result of 16 years work since 1936. So 
far, utilization of pure Vicara fabrics, manu- 
factured from this synthetic fiber, have been 
limited to industrial uses 
cloths—but 


filter and pressing 
otherwise the fiber is being 
“blended with rayon, nylon, wool, and other 
fibers, natural and man-made, in a wide vari- 
ety of fabrics and garments”. (J. F. Yeates, 
Chemurgic Digest 11(7): 4. 1952). 


Carnauba Wax—Product of a Brazilian Palm 


Carnauba occupies a leading position among vegetable 
waxes because of its hardness, good luster and high 
melting point, which make it especially desirable for 
floor polishes. The only source region of this important 
vegetable wax is northeastern Brazil. 
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Introduction 

Wax has rendered many services 
throughout the ages. The preservation 
of an Egyptian mummy depended largely 
on beeswax, which was also good for 
making a small image meant to be a 
refuge for the soul if harm should ever 
befall the mummy. Greeks and Romans 
coated their writing tablets with wax, 
then scratched their messages upon it 
with a stylus. Better than tallow be- 
vause of its higher melting point and 
freedom from odor, beeswax made excel- 
lent candles for ordinary illumination or 
for religious ceremonies. It was an im- 
portant ingredient in ointments for ath- 
letes and cosmetics for women. 

As time passed, the demand broad- 
ened. Europeans found that beeswax 
readily took the impression of an official 
seal, that it was useful in the casting 
of bronze medallions, that it imparted 
desirable properties to a 
thread. They believed that a coating of 
beeswax improved the sound of the 
hunter’s horn. They knew that waxed 
boots looked better and lasted longer. 
City aldermen met in council chambers 
with fancy parquet floors where different 
kinds of wood formed an intricate geo- 


shoemaker’s 


1The author gratefully acknowledges the 
valuable aid and friendly encouragement re- 
ceived from various staff members of 8. C. 
Johnson and Son, Inc., Racine, Wisconsin. All 
photographs reproduced herewith fur- 
nished by the company. 
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metric pattern. At regular intervals 
these expensive floors, and the high- 
priced furniture, too, were rubbed with 
beeswax to give them a beautiful gloss 
and protect their fine finish. 

Though the bees were ever busy, they 
could not supply enough wax for so 
many needs. People then hunted for the 
valuable material all over the world and 
found it in the animal, mineral and 
plant kingdoms. Additional uses, in vic- 
trola records, carbon papers, sound films, 
automobile polishes, added impetus to 
the search for new sources of wax. 

Plants have received their full meas- 
ure of attention. The Japanese extract 
a wax from three species of sumac (Rhus 
succedanea L.., Rhus vernicifera De C., 
Rhus sylvestris S. and Z.) by crushing 
the berries, heating with steam and 
squeezing in a wedge press. Our New 
England colonists obtained their candle- 
wax from the berries of wax myrtle 
(Myrica cerifera L.). Wax has been 
taken also from other Myricaceae, 
namely M. aethiopica L., M. cordifolia 
L., M. quercifolia L., M. serrata Lam. 
and M. caracasana Humb. and Bonpl. 
Pisang wax is secured from the leaves of 
a banana (Musa paradisiaca L.) growing 
wild in India but also widely cultivated 
in the tropics. In the arid regions of 
Mexico and adjacent parts of the United 
States there is a plant (Euphorbia anti- 
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syphilitica Zuce.) which produces the 
vandelilla wax of commerce upon its 
stem. Sugar-cane wax is a by-product 
of Saccharum officinarum L. and is visi- 
ble around the nodes of the living stem. 
The names of plant waxes already in 
commercial use or investigated as to 
their possibilities would make a rather 
impressive list. 

The noble palm family, Palmaceae, 
has a number of species well provided 
with wax. Rising aloft for perhaps 150 
feet among the Andes Mountains, the 
trunk of Ceroxylon andicola Humb. and 
Bonpl. has a white and marble-like ap- 
pearance because of it, while the leaves 
possess it in smaller amounts. The leaves 
of Raphia pedunculata Beauv., a Mada- 
gascar palm, carry a coating of raphia 
wax; similarly the leaves of Cocos coro- 
nata Mart. exude a wax, ouricury, which 
the Brazilians have recently begun to 
exploit. These wax palms deserve men- 
tion, to be sure, but the one that sur- 
passes all other members of its family, 
or any other plant for that matter, in the 
quality of its wax, is the carnauba palm 
(Copernicia cerifera Mart.), a native of 
northeastern Brazil. 


Promoters of the Carnauba Palm 


Marcgrav and Piso. During the Dutch 
occupation of Pernambuco two natural- 
ists came from Holland to study the 
flora and fauna of northeastern Brazil, 
and they published what they learned in 
a Latin book, Historia Naturalis Bra- 
siliae (Amsterdam, 1648). The book 
contains an account of “ caranaiba ”’, the 
first written description of this palm and 
the first recorded spelling of its vernacu- 
lar name. Today the numerous variants 
of different authors have generally given 
way to “ carnauba ”’, pronounced “ karna- 
ooba ”. 

Arruda Camara. A Brazilian natural- 
ist, Arruda Camara, was more than en- 
thusiastic in his praise of the wax pro- 
duced by this palm, an enthusiasm which 
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persisted throughout many years of his 
life, according to his own remarks in an 
official report dated 1809. Few fan- 
leaved palms had then been described. 
As a conservative botanist of his day, 
Arruda Camara, seeking to place his 
carnauba in a Linnean genus, could do 
no better than assign it to Corypha, fan- 
leaved palms with one-seeded fruit. With 
the appropriate specific name cerifera 
supplied by him, it thus became known 
by the scientific name Corypha cerifera, 
wax-bearing corypha. Here is a trans- 
lation of what he wrote about its prod- 
uct: “ The leaves of the young plant are 
of two feet in length, and are doubled 
after the manner of a fan while they are 
still young; afterwards they open, and 
become a little less than two feet in 
breadth. If they are cut in this state, 
and are allowed to dry in the shade, a 
considerable quantity of light-colored 
scales will be loosened from the surface. 
This will melt by the heat of a fire into 
a product similar to white wax. It is, 
however, more brittle; but this may be 
remedied by mixing it with common 
wax, which is more oily” (15). 

W. T. Brande. British scientists re- 
ceived their first sample of carnauba 
wax by a roundabout route. The gov- 
ernor of Rio Grande do Norte, while 
traveling in the interior, saw a crude 
candle burning in a peasant’s hut, and, 
much impressed, sent some carnauba 
wax to the Comte de Galveas in Rio de 
Janeiro. The Comte forwarded it to 
Lord Grenville, who gave it to the Brit- 
ish Royal Society. Shortly afterwards, 
in 1811, the Transactions of the Royal 
Society carried “An Account of the 
Vegetable Wax from Brazil”, making 
public a chemical analysis and general 
comments by W. T. Brande. The analy- 
sis showed that carnauba wax resembled 
beeswax but differed from myrtle-berry 
wax. Combustion experiments were a 
success, which is all the more noteworthy 
because the investigation had been initi- 
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ated in the hope that the South Ameri- 
‘an vegetable wax would improve the 
quality of candles and reduce their price. 
Brande offered some practical hints, sug- 
gesting three parts carnauba to one part 


the royal botanie gardens and professor 
of botany at Munich University, Martius 
brought out several works that showed 
his intimate knowledge of Brazilian 
plants, among them Historia Naturalis 


beeswax as a suitable candle mixture and Palmarum (3 vols., 1823-50). Various 
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development library of S. C. Johnson and Son, Ine., Racine, Wisconsin. 
ranked first in output, with Piauhy now a close second. 


more than 85% of the total production. 


observing that tallow reduced the brittle- 
ness without giving the carnauba candle 
a disagreeable odor. 

C. F. P. von Martius. In 1817 the 
king of Bavaria sent Carl Friedrich 
Philipp von Martius to Brazil. After- 
wards, while serving as conservator of 


Ceara has consistently 
These two Brazilian States account for 


fan-leaved palms of the American tropics 
had been found by the time of Martius 
and assigned by their discoverers to the 
genus Corypha. This genus, originally 
made by Linnaeus for some Asiatic spe- 
cies, had thus gradually become an arti- 
ficial and heterogeneous assemblage, re- 


quiring revision. Those related to the 
varnauba palm were accordingly set 
apart by Martius and redefined by him 
under the genus name Copernicia which 
he coined in honor of the astronomer 
Copernicus. With the specific name 
given by Arruda conserved, as is re- 
quired in such cases, the carnauba palm 
became, and may confidently be ex- 
pected to remain, Copernicia certfera, 
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Fic. 2. Average temperature and precipita- 
tion at Fortaleza, Ceara. There are two dis- 
tinct seasons: wet and dry. 


or more formally, Copernicia cerifera 
(Arruda) Martius. 

Marcos Antonio de Macedo. At this 
time it was thought that only the candle- 
makers could be persuaded to enter the 
market for carnauba wax. In 1836 
Macedo took about a pound of the wax 
from Ceara, Brazil, to Paris, France, for 
chemical analysis at the Sorbonne. 
Throughout the years he continued an 


BOTANY 


effort which was extremely slow in 
showing results. Twenty years later a 
Parisian company planned on setting up 
a candle factory at Fortaleza, in Ceara; 
at least people said that this was so. 
The attempt to get Europeans interested 
led to the publication in 1867 by the Bra- 
zilian naturalist of an excellent French 
article on the carnauba palm (22). 
Macedo felt that Arruda Camara’s life- 
long devotion to the tree deserved to be 
remembered, but his suggested scientific 
name, Arruda cerifera, did not replace 
Copernicia cerifera which the Bavarian 
botanist Martius coined after he had 
used Arruda Camara’s Corypha cerifera 
for several years. 

H. F. Johnson. The year 1886 wit- 
nessed the founding by 8S. C. Johnson at 
tacine, Wisconsin, of a business special- 
izing in parquet flooring, woods arranged 
in fancy geometric designs and eagerly 
desired by builders of fine homes. The 
firm began the manufacture of floor 
pastes when customers began to ask for 
them, and gradually turned all its atten- 
tion to this new product as hardwood 
floors became more and more popular. 
In 1935 H. F. Johnson, president of the 
firm created by his grandfather, realized 
that the time had come for getting a 
better understanding of his raw mate- 
rial, carnauba wax, and for establishing 
close connections with the one and only 
source of supply, northeastern Brazil. 
He therefore organized the Carnauba 
Expedition to do field work on the dis- 
tribution and extent of the carnauba 
stands. The aerial survey staff of three 
men accompanying H. F. Johnson, who 
is a graduate of Cornell University, in- 
cluded a famous botanist, a well known 
industrial chemist and the company’s 
purchasing agent. After a survey flight 
into Para and Maranhao en route, the 
party chose Fortaleza, the capital of 
Ceara, as its base of operations because 
of ease of access to the larger carnauba 
areas. Four airplane flights provided a 
reconnaissance view of the carnauba 
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palm stands, while automobile trips, on- 
the-spot experiments and personal inter- 
views filled in the details. 

The Johnson carnauba expedition had 
several noteworthy results. It led to the 
preparation of a map showing the areas 
where raw material carnauba wax is 
produced—a manuscript map now in the 
research library of 8. C. Johnson and 
Son, Inec., Racine, Wisconsin. H. F. 
Johnson brought out a book, The Carna- 
uba Expedition, which, besides reviewing 
the highlights of the journey, tells about 
the habitat of the carnauba palm, tech- 
niques of raw material wax extraction, 
yields and possible improvements (17). 
Shortly afterwards the firm purchased 
two properties near Fortaleza, at Raposa 
and at Catuana, where American scien- 
tists and technicians are cooperating 
with the Brazilians in seeking higher and 
improved yields by developing better 
palms and turning to mechanized extrac- 
tion methods. 

The Brazilian Government. Officials 
of the Brazilian government fully appre- 
ciate the economic value of the carna- 
uba stands. Strict grading standards 
have been introduced for the raw mate- 
rial carnauba wax, also regulations aim- 
ing at maximum quality and yield while 
protecting the trees against excessive 
exploitation. Brazilian botanical and 
agricultural publications have given the 
‘arnauba palm a generous measure of 
attention (21). 


The Carnauba Country 


Extent of the Carnauba Habitat. From 
the Pindaré River on the west to the 
Assu River on the east and southward 
into the tributary valleys of the Parna- 
hiba is carnauba country. The full 
limits could be expanded somewhat to 
the west and to the east, and considera- 
bly to the south, at least as far as the 
great bend of the Sao Francisco River, 
so that the total area would be 400,000 
square miles. However, because two 


States, Ceara and Piauhy, are responsi- 
ble for almost nine-tenths of the total 
tonnage of carnauba wax, the area may 
readily be reduced to 152,190 square 
miles, with 57,371 for Ceara and 94,819 
for Piauhy. 

Number of Carnauba Palms. Bra- 
zilians have never made an official count 
of their carnauba palms; their estimates 
show wide variations. If one assumes 
that the annual production per palm is 
150 grams, which is perhaps a little high, 
then one gets 80 million as the total 
count for the producing palms because 
the yearly crop now reaches 12,000 
metric tons. A 100 million figure is not 
exorbitant when the weight of wax per 
palm is taken at less than 150 grams. 

Topography. The coast of Ceara and 
Piauhy is a sandy lowland, 15 miles or 
so in width, with a sparse cover of vege- 
tation. The second zone comprises a 
series of terraces. Intermittent streams 
cutting through these terraces have de- 
posited alluvium fertile enough in spots 
for growing cotton, coffee, sugar, cereals 
and vegetables. Uplands extend over 
Ceara and Piauhy, where the thin soil 
and excessive aridity of the dry season 
limit the vegetation to the sparse scat- 
tered shrubbery of the  serub-forest 
known as the caatinga. 

Soils, The carnauba palms prefer the 
borders of rivers and shun the higher 
uplands. They favor deep fertile allu- 
vium; hence the most vigorous trees and 
densest stands, almost clear of under- 
growth and supporting no lianas, flourish 
along the lower or middle stream courses 
in the second topographic zone. During 
the rainy season floods spread out over 
the valley lowlands, leaving the marks 
of high water levels on the trunks but 
softening the soil for easy penetration 
by roots. As the flood subsides the 
stream again occupies its regular chan- 
nel, though not for long because the dry 
season is now at hand, which first sepa- 
rates the stream into numerous stagnant 
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pools, then turns the whole river-bed into 
a shallow ditch ot dust and gravel. At 
that time the carnauba palms rely upon 
the water seeping through from the 
edges of these ponds or lingering in the 
low-lying soils upon which they grow. 

The stands along the river borders 
generally strike one’s attention first. 
However, carnauba palms also fringe the 
many shallow lake-like basins that are 
filled to over-flowing in the wet months 
and almost, or entirely, devoid of water 
during the dry season. Moreover, carna- 
uba palms have struggled successfully 
with the thorny caatinga for the gentle 
slopes of uplands lying between the 
major valleys, especially where the soil 
happens to be deep and fertile. 

Sandy soils or flats encrusted with 
alkali are not sought by the carnauba 
palms. These are merely tolerated in 
the struggle for survival. In such locali- 
ties one tree is at some distance from 
another; it stands alone, isolated, not in 
groups as is its wont under favorable 
conditions. Similarly, only here and 
there on the thin soils of the higher up- 
lands has a carnauba seed managed to 
gain a foothold. 

Climate. Average temperatures hover 
around 80° F for every month of the 
year. Heavy downpours and rainfall as 
high as 50 inches characterize the wet 
season, though the interior stations re- 
cord a much lower figure than those on 
the coast or those on the northwestern 
margin of the carnauba country. The 
first half of the year is wet, the second 
half is dry. Hardly any rain falls dur- 
ing the dry season, and the evaporation 
rate is high under the burning tropical 
sun. Sometimes a drought strikes the 
land. Rainfall amounts shrink almost 
to nothing for one year or several years. 
Then even the carnauba palms, which 
ordinarily relieve with their green foli- 
age the drab brown pervading the land- 
scape during the dry season, begin to 
succumb to the desiccating heat and 
scorching southeast winds. The live- 


stock searches the scrubby caatinga in 
vain for a blade of grass, and famine 
reaps its toll of human lives. 


Geographical Distribution 


Eastern Ceara, the Jaguaribe River. 
Since the beginning of commercial ex- 
ploitation the Jaguaribe River valley 
has contributed its quota, a large quota, 
to Brazilian carnauba exports. On the 
fertile alluvium of the lower course, 
where the river breaks up into numerous 
channels, the carnauba palm has found 
optimum conditions for vigorous growth, 
appearing in compact stands stretching 
for miles upstream from Aracaty. Any- 
one interested in the carnauba palm has 
usually made this valley his starting 
point because of its splendid trees and 
its accessibility. The first flight of the 
Johnson carnauba expedition out of 
Fortaleza in 1935 covered a distance of 
100 miles along the Jaguaribe River, an 
aerial reconnaissance which R. P. Gardi- 
ner (17) described as follows: 

“We did not see any heavy stands of 
‘arnauba until we reached Aracaty on 
the banks of the Jaguaribe, a river which 
drains quite a large area ”’ 

“Inland from Aracaty, the river bed 
at many places was absolutely dry and 
the natives had turned it into gardens. 
In these regions the growth of carnauba 
was prolific ”’. 

“ At such points the habit of the palm 
of growing in the alluvial flood lands of 
the river basin was easily seen from the 
plane. The growth extends like fingers 
from the main basin into small feeder 
basins leading into the hills. In the 
center of the river bottom, where the 
current of water would be strongest, 
there were no trees, but at the edge of 
the sandy bottom, off the main channel, 
they were quite numerous, and from 
there they extended up into the bushy 
highlands, where they formed a fringe, 
thereby marking the high water of flood 
periods ”’. 

“This region, due to one fairly good 
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automobile road, is easily accessible, 
which is something that cannot be said 
of other regions we expect to 
farther in the interior ”’. 

Almost a century before, in 1838, a 
Scottish botanist, George Gardner, had 
gone up the Jaguaribe Valley. 


Visit 


His pub- 


Fia. 3. 
Ceara. 


lished observations (12) bear a twofold 
interest for us, containing references to 
the palm and remarks on the terrain: 

“T landed at the north-east corner of 
the province at the town of Aracaty, 
which is situated on the east bank of the 
Rio Jaguaribe, at three leagues from the 
coast. The first thing that struck me 


VC 


on my arrival was the flatness of the 
country around it, reminding one of the 
descriptions which are given of the pam- 
pas of Buenos Ayres. With the excep- 
tion of a few low sandhills towards the 
and a round isolated one about 800 
high, situated two and a half 


sea, 
feet 


A grove of carnauba palms in the lower valley of the Jaguaribe River, State of 


leagues to the south-west of the town, 
called the Serra de Areré, there is noth- 
ing to interrupt the uniform level. The 
soil for many leagues around is of a 
sandy nature, and the characteristic 
vegetation is a beautiful species of palm 
called Carnahuba by the Brazilians. It 
is the Corypha cerifera of Martius, and 
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is so abundant that, on my journey south 
to the Villa do Icé6, I rode for about two 
days through a forest of almost nothing 
else . . . the country continues perfectly 
flat, but the ground among the Carna- 
huba palms, and in several large open 
spaces almost destitute of vegetation, 
called vargems, is covered with abun- 
dance of gravel; and this, which extends 
over large tracts, gives it the appearance 
of the dried-up bed of an immense 
river ” 

Central Piauhy. The second flight of 
the Johnson carnauba expedition had 
central Piauhy as its objective. At 
Therezina, the capital of the State, Dr. 
J. V. Steinle (17) gathered facts about 
wax extraction: 

“The state of Piauhy owns many 
tracts of carnauba lands, and gives indi- 
viduals the right to gather the wax, 
which they in turn must sell to the stace 
at a fixed price. The state sells it on 
open bid to exporters...” 

“In one part of Piauhy, particularly 
in the district about 150 miles from 
Therezina, where the city of Campo 
Maior lies in the center of a vast square 
of carnauba, harvesting and refining dif- 
fers considerably from that in the ad- 
joining state of Ceara. If anything, the 
methods employed there are more effi- 
cient. For one thing, the leaves must be 
dried quicker because of the more fre- 
quent rains ”’. 

Northwestern Ceara. H. F. Johnson 
took charge of the third survey flight, 
from Fortaleza west-northwest to Parna- 
hiba, Piauhy. Excerpts from his notes 
for November 14 read: 

“ Left Fortaleza 8:45 a.m. 
far as Sobral. Good carnauba all along 
the way .... Crossing mountains now 
and heading for Camocim River. See 
more good stands of carnauba. On my 
right toward the sea are the sand dunes 
.... Very large areas of fine carnauba 
north and west of Camocim. Every river 
basin in this part of state is carnauba 
region ” (17). 


... flew as 


Sobral hes on the Acarahu River. It 
is an important link in the Cratheus- 
Camocim railroad which takes the carna- 
uba wax of this region to the seaboard. 

Northern Piauhy. After making some 
courtesy calls on the exporters at Parna- 
hiba, Mr. Johnson continued his field 
work: 

“4:00 p.m. Took auto to river. Crossed 
in canoe to visit the fazenda or farm of 
Senor Joao Silva. Rode horseback for 
two hours over his land. All rather low- 
lying. Noted lack of medium-high trees. 
He should plant younger trees to replace 
old ones. Wax scattered on ground and 
much of it left on leaves. Many open 
spaces between trees and not much 
underbrush ” (17). 

The Parnahiba neighborhood is among 
the more productive areas. It embraces 
the lower course of the Parnahiba River 
and several tributaries, the carnauba 
wax traveling by water from the out- 
lying parts of the district. Parnahiba 
exporters also get wax from adjacent 
centers in Maranhao, while Sao Luiz, 
‘apital of Maranhao, in its turn funnels 
off some of the Piauhy trade through the 
Therezina-Sao Luiz railroad, besides 
handling whatever wax there is in its 
own hinterland. 

Pernambuco and Bahia. The fourth 
and last survey flight of the Johnson 
‘arnauba expedition was the longest one 
of all, south-southwest from Fortaleza to 
Petrolina on the western border of Per- 
nambuco. Carnauba palms occur in 
scattered tracts for a distance of about 
500 miles along the great bend of the 
Sao Francisco River in Pernambuco and 
Bahia, but these two States, like Maran- 
hao, are able to furnish only small 
amounts. 

Rio Grande do Norte and Parahiba. 
Considerable stands exist along the Assu 
River of Rio Grande do Norte, the last 
ones of note on the eastern edge of the 
varnauba country. The State ranks a 
poor third after Ceara and Piauhy. 
Parahiba, too, is only a small producer, 


a 
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with a limited acreage on the headwaters 
of the Assu River. 


Description 


Leaves. The growing tip of the palm 
is a compact central bud, about which 
the colorless young leaves are tightly 
folded, the smaller ones on the inside 
and the larger ones on the outside in 
increasing order of size. Injury to the 
growing tip may be fatal to the tree. 


ing laterally in every direction, and the 
oldest hanging directly downward, paral- 
lel with the trunk. Only in remote 
regions does the carnauba’s crown of 
foliage appear in all its symmetrical 
beauty and leafy luxuriance. It ordi- 
narily has a ragged unkempt look, a few 
young leaves standing erect at the top, 
the start of the next growth of foliage, 
an occasional leaf clinging uncertainly 
upside down, old, shrunken, ready to 


Fic. 4 (Left). The uncut foliage of a carnauba palm, with drooping of ripe fruit. 


Fic. 5 (Right). One carnauba palm with its complete set of leaves, the other two with the 
proper number cut. The leaves closest to the growing tip must not be injured lest the palm die. 


Leaves to the number of six or eight 
detach themselves from all around the 
terminal bud and grow perpendicularly, 
sach little leaf tightly compressed. Then, 
as a second central group develops about 
the terminal bud, the first series begins 
to expand. The second is followed by a 
third, and so on until the top of the 
trunk carries a large crown of foliage, 
with the youngest leaves pointing up- 
ward, those of intermediate age extend- 


drop, while all the vigorous leaves be- 
tween have been cut for their powder, 
the stumps of their leaf-stalks accentu- 
ating, not relieving, the bareness. 

As the young yellowish leaf draws 
away from the terminal bud, it takes on 
a green tinge which with further growth 
shades into a darker green, then turns 
the color of straw when the leaf gets old. 
A completely opened leaf, one that has 
reached its maximum size, measures one 
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and one-half to two and one-half feet 
along the outer fan edge, and about 
three feet from the base to the outside 
rim. The 35 to 45 divisions making up 
the leaf remain joined nearest the base, 
but their upper portions are distinctly 
separated, so that the expanded leaf 
looks like a peacock’s tail spread out to 
its full extent. A division is folded 
longitudinally down the middle, each 
half terminatiag in a short sharp point 
which is bifid when the fold opens. The 
“ olhos ” are the closed leaves; once they 
have expanded they are called “ palhas ”’ 
by the Brazilians. 

Carnauba Powder. The leaves that 
have pushed themselves away from the 
growing tip carry the wax as a surface 
film which, upon removal, crumbles into 
an ash-colored powder with a delicate 
agreeable odor and a dry waxy feel. 
The wax film on the growing leaf is pres- 
ent in a completely flexible and fairly 
continuous coat over the entire surface. 
Noticeable concentrations exist around 
the stomata as raised ring-like deposits. 

The total amount of powder provided 
by a leaf varies somewhat according to 
size, age, exposure, amount of rainfall, 
soil and other factors. Choice leaf speci- 
mens when properly dried and protected 
from losses will yield more than six 
grams of wax, and some specimens pro- 
duce more than eight grams, but the 
average yield usually is less than five 
grams of wax per leaf. 

Petiole. The leaf-stalk, ordinarily 
more than a yard in length, undergoes 
much the same color changes as the leaf, 
except close to the trunk where it has a 
reddish hue. From the lower two-thirds 
of the petiole there project thorns: black, 
strong, curved and flat. 

Inflorescence. Here and there a spa- 
dix, two to three yards in length, grows 
from the axil of an upper leaf. Begin- 
ning as a slender green pointed spike, it 
elongates, extending well beyond the 
foliage, and splits off numerous divisions 
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or branches, form: 
panicle. Each bre ected by a 
spathe; likewise eave ..8 Subdivisions, 
except the slender «timate ones which 
bear the minute flowers in small groups 
of four, yellow-gr 1 in bell- 
shaped, monoecious. 

Fruit. Ovoid in “iape, the fruit has 
a large stone that contains the seed. Its 
mature pulp tastes sweet, yet decidedly 
astringent. A glossy green when young, 
the berry ripens to a bluish-violet, almost 
black, color before the thick clusters 
drop. Though the casualty rate is gen- 
erally high from cattle, burros, goats and 
pigs, homogeneous stands have succeeded 
in establishing themselves under favor- 
able conditions. River lowlands being 
the favorite habitat, the fallen seeds find 
it easy to germinate in ground softened 
by the heavy precipitation and the floods 
of the rainy season. 

Trunk. A fully grown carnauba palm 
is 35 to 40 feet tall; hardly ever does it 
tower above 50 feet. Its trunk is straight, 
eylindrical, unbranched, eight to ten 
inches thick. An occasional tree blown 
over by the wind continues its life by 
sending out roots from its trunk, and 
one palm in a million may have a para- 
site trunk or two growing out of the 
main one, but these are abnormalities. 
A young palm has a thickset, squattish, 
rough and rugged look because the 
leaves upon falling away leave part of 
the petiole and the sheathing bract cling- 
ing to the trunk. Only when the trees 
begin to reach their prime does the 
sheathing base drop off with the entire 
petiole, so that the projecting remains of 
the former leaf-stalks cover about two- 
thirds of the lower trunk while the rest 
is bare. An old carnauba palm, how- 
ever, carries hardly any visible marks 
of the leaf-stalks, even on the lower 
trunk. The remnant butts, or boots— 
caracas—advance either to the right or 
to the left as they very gradually but 
quite perceptibly encircle the trunk like 


a arching 


color, 
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Fic. 6. Cutting carnauba leaves in the dry 
and again in December. 


Carnauba palms frequently reach 100 
years, and an unusual one may attain 
200 years. 

Roots. —Two months after sprouting, 
a young plant growing in deep alluvium 
is about ten inches above the ground, 
while its primary root has perhaps gone 


Within a 


down as much as 20 inches. 
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few months the lateral roots develop, 
marking the beginning of what will be a 
powerful root system. The young plant 
first seeks depth; the tree, on the other 


hand, extends its numerous fasciculated 


season, generally at the beginning of October 


roots horizontally to great distances, 
often to more than 100 feet. 

Insect Pests. Several insects attack 
the carnauba palm, though their assaults 
have never been serious. The larvae of 
Pachinurus nucleorum Fabr. strike at the 
seeds, perforating them and thus de- 


stroying their germinating power. The 
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leaves are damaged by the larvae or 
caterpillars of destructor 
Sign., Brassolis sophorae Lind. and Op- 
siphanes envirae Huba. To control these 
insect pests, Brazilian government agri- 
cultural agents recommend that all 
leaves be burned immediately after they 
have been beaten for their wax powder. 

Species. The genus Copernicia em- 
braces about 30 species of American 
palms. Brazil has two of them: Coper- 
nicia cerifera Mart. in the Northeast, 
and its closest relative Copernicia austra- 
lis Beee. in Mato Grosso. The latter 
extends into adjacent Paraguay and 
Bolivia. The other species are native to 
the Caribbean region: Venezuela, Co- 
lombia, Cuba, Hispaniola. Wax powder 
on the leaf is not a characteristic pecu- 
liar to Copernicia cerifera Mart. alone. 
The carnauba palm, though, is the one 
that occurs in large stands and has good 
wax yields as well. 


Aspidiotus 


Domestic Uses 

Fibers. The leaves furnish a fiber of 
good quality. Stalls in the market-place 
of Fortaleza and other towns display 
hats, baskets, mats and various other 
articles for sale—all made from carna- 
uba fiber. Sobral has gained special 
fame because of its hats, reputed to be 
as good as the best panamas. 

Wood. A few palms provide enough 
construction material for a hut, the 
trunks forming the supports and rafters, 
the leaves the covering for the walls and 
the thatching for the roof. Fences and 
bridges built of carnauba resist the at- 
tacks of insects, and carnauba pilings 
withstand the effects of salt water. Wax, 
however, now brings a high price, and 
the Government has regulations protect- 
ing the healthy trees for continued wax 
production. 

Miscellaneous. An occasional carna- 
uba eandle burns in the village churches. 
The native brews a concoction out of the 


roots which he considers an effective 
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Other limited 


cure for certain diseases. 
uses are: from the dried 
fruits and a tapioca-like food or starch 
prepared by beating and washing the 
fibrous mass scooped out of the interior 
of the split trunk of young palms. 


cooking oil 


Wax Extraction 


Cutting Time. During the rainy sea- 
son the carnauba palm continues its slow 
growth, unfolding its leaves, opening its 


blossoms, developing its seeds. Only 
when the dry season has begun in 


earnest is it considered proper to cut the 
leaves from the palms. Moreover, wax 
yields are then at their best, and the 
danger of sudden downpours interfering 
with the drying of the leaves hardly ex- 
ists. In general the wax-making period 
is from October 1 to January 1, with 
variations because of differ- 
ences or geographical location. 

Within the period wax-making is 
carried on twice, an interval of at least 
80 days elapsing between the first and 
second cut. After vears of 
drought the cuttings may be restricted 
to one a Though the first cut 
provides a larger number of leaves than 
the second, the latter produces a cleaner 
powder and a lighter colored wax. In 
the early years of this extractive indus- 
try as many as six or seven cuttings 
were made each year. Experience has 
shown that two cuttings, three at the 
most, are least detrimental to the life of 
the carnauba palm. Local government 
officials are required by law to regulate 
the time of cutting. 

Labor. Wax extraction commonly is 
carried on under the credit 


seasonal 


several 


season. 


system, an 


ancient Brazilian institution. For extra 
provisions, clothing, tools and hunting 
equipment, above all for the use of 


estate lands, the worker is often in debt 
to his patron. This was particularly 
true in the past. The worker served the 
same landowner throughout his lifetime 
beeause he had to be out of debt in order 
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to leave the fazenda legally, or, if free to 
depart, he had nowhere to go. Whether 
the worker delivers one-third of the 
carnauba yield, or pays a fixed rental, 
or hires out as day laborer, the result is 
always the same: the landowner gets 
most of the money and all the wax. 
Crew. A well-balanced crew consists 
of a cutter, two binders and one driver. 
The cutter’s tool is a pruning hook at- 
tached to an eight-foot handle. Having 
tied the pruning hook to a long bamboo 
pole, he is able to reach about 50 feet, 
which is the height of the taller palms. 
By severing the leaf-stalks, he causes 
about ten leaves to fall from the tree. 
According to Government regulations, 
the cutter must be very cautious about 
doing injury to the growing tip. He 
purposely misses the old leaves because 
they have very little wax. An average 
cut per hour is 250 leaves, less for sparse 


stands with heavy undergrowth and 
more in dense homogeneous — stands. 


Some palms escape being cut because 
they are too tall, and others because 
they happen to grow in dense shrubbery 
where it is difficult to handle the long 
pole as well as recover the leaves that 
have been cut. 

The two binders gather the leaves 
lying about near the palms and tie them 
into bundles after cutting off what is left 
of the leaf-stalk. They very carefully 
separate the unopened leaves from the 
open ones, the olhos from the palhas. 
Containing 50 to 75 leaves, a bundle 
weighs about 50 pounds. 

The driver loads four bundles of closed 
leaves or six bundles of open leaves onto 
each of two burros, a load of nearly 200 
pounds per burro. The leaves are spread 
out to dry on an open space near the 
hut. This hut is often con- 
structed of leaves from which the powder 
has already been removed. 

Drying. So the leaves may dry all 
the more readily, the leaf sections are 
divided longitudinally with a 


storage 


sharp 
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pointed knife. It is easier to split the 
green leaves than the dry ones. This 
method is favored in areas where there 
is danger of an occasional shower and 
rapid drying is thus essential. Rains 
not only slow the drying but cause a loss 
of wax, and wet wax powder yields a 
carnauba lump wax of low quality, hence 
the precautions against wetting. Many 
workers like to postpone the longitudi- 
nal slicing of the leaves until after the 
drying because the wax powder falls 
very readily out of the sliced leaf divi- 
sions. At best there is wax powder scat- 
tered all over the ground and blown 
about by every little air current. The 
drying of the unsliced leaves usually is 
complete in three to five days. 

Beating. The dried leaves are taken 
into a hut. Here they are whipped over 
tooth-like iron blades which split the 
ribs apart and open up the webs. Next 
comes the beating, done by knocking the 
leaf sections vigorously over a_ small 
wooden sawhorse or flailing them with a 
stick. Careful workers spread out a 
large canvas, for otherwise particles of 
clay from the floor become mixed with 
the crude wax powder. The powder 
from the closed leaves is greyish-white, 
that from the open leaves is greenish. 
Generally workers use a screen to re- 
move as much leafy matter as possible 
because, incorporated into the wax by 
melting, it affects the color and hence 
the grade. 

Melting. Dumped into empty petro- 
leum cans or clay pots, the powder melts 
slowly over a gentle fire until it turns to 
a liquid that has a few bubbles rising 
in it. The melted wax with the residual 
leafy particles is then strained through 
cloth or a leafy mat and cast into molds, 
where it hardens into the raw material 
lump wax of commerce. To force the 
viscous liquid through the cloth, the 
workers squeeze the impure mixture in 
a tourniquet, also with a wooden device 
that looks like a pair of scissors, or place 


CARNAUBA WAX 


They call 


it under a crude wedge press. 
the leafy residue “ borra ’ 
Melted with water, the greenish powder 


from the open leaves produces a carna- 
uba lump wax distinguished by its 
chalky appearance. 
wax, the grade known to the trade as 
“chalky ”. The method involves heat- 
ing and straining as before; only the 
water is extra, one and a half quarts for 
every five gallons of powder. 

Variations in Method. There are many 
variations in the above procedures. The 
cutting crew need not be fixed at units 
of four men. Women and children often 
perform parts of the labor. Then, too, 
the leaves may be sold as soon as they 
are cut. Moreover, the powder itself is 
sometimes directly to the 
dealer, which is especially true of the 
the powder the 
closed leaves, since only through careful 
handling will it give “flor” or No. 1 
carnauba. In many mechaniza- 
tion has replaced manual labor in all 
the cutting and drying. 
Some phases are contrary to law, such 
as heating over a direct flame or adding 
oxalic acid 

Yield per Palm. 


one palm in two cuttings generally num- 


This is “ arenosa ” 


consigned 


olhos powder, from 


areas 


stages 


except 


Leaves obtained from 


ber about 20, and each leaf has three to 
eight grams of powder. Therefore one 
palm yields 60 to 160 grams, or, choosing 
one figure, about 100 grams of carnauba 
wax each year. This figure easily varies 
one way or the other, for it depends on 
numerous factors that operate jointly or 
Some trees in the prime of 

beyond the above range, 


separately. 

life may go 
while the very young will drop below. 
Cutting time has a bearing by its effect 
on the size and age of the leaves. Of 
probable importance also is the amount 


Kia. 7 (U ppe PD. 
in northeastern Brazil. 
Fic. 8 (Lower). 


Burros carry the cut leaves to the drying grounds. 


Workers spread the leaves out to dry for three to five days. 
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of rain and whether it falls before or 
after the cutting. 
Grades. The official classification 


recognizes five grades: two yellows, two 
greys, and one chalky. Obviously, color 
distinguishes the yellows from the greys. 
Originating from unopened leaves, olhos, 
the yellows approach most closely the 
condition of greatest purity, when carna- 
uba is practically colorless. By the same 
token the greys are impure, deriving 
their color from the plant pigments of 
the expanded leaves, palhas, and from 
the dirt lodged upon them. Melting 
with water gives rise to the chalky 
Careful processing counts for 
much so far as grades are concerned. 


grade. 


Exports 


The Brazilians hold back only a small 
quantity of carnauba wax for them- 
selves, sending most of it overseas to the 
United States and to Europe. By value 
it accounts for 5% of Brazil’s exports, 
a percentage that goes up to 20 and 30% 
for the state of Ceara. Some important 
commodities come ahead of it on Bra- 
zil’s list of exports: coffee, cotton, meat, 
hides and skins, and cacao. Subject to 
an export tax, it contributes considera- 
ble amounts to the State revenues of 
Ceara and Piauhy. 

The important collection depots are 
on the northeast coast; among them, Sao 
Luiz, Parnahiba, 
and Aracaty. 
lump wax arrives by boat, 


Camocim, Fortaleza 
Packed in jute bags, the 
carnauba 
truck, 
handles the largest amounts, its supplies 


railroad or burro. Fortaleza 
coming by rail from as far as the south- 
Parnahiba ranks 
Some carnauba is shipped from 
Brazil through Natal, Bahia and Rio de 


ern borders of Ceara. 


second. 


Trucks are 


still scarce 


Shrinkage of 


the leaf causes the wax to show as scales sometimes five mm. long. 
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Janeiro, but normally only in small 
quantities. 
The inhabitants of Fortaleza point 


with pride to the year 1845, when they 


sent a 26-ten carnauba shipment to 
Europe. Not until the beginning of the 
present century, however, did exports 


show noteworthy expansion. In the sec- 
ond decade annual quantities on two 
occasions exceeded 5,000 metric tons, 
climbed steadily in the twenties, went 
beyond 9,000 at the end of the thirties, 
to reach a record figure of 11,766 metric 
tons in 1941. The year 1950 then estab- 
lished a new record of over 12,000 metric 
tons. (See the graph on Brazilian ex- 
ports of carnauba wax, Fig. 12.) 

Before 1914 Germany stood first in 
carnauba imports. Next the United 
States took the lead, but as yet it pur- 
chased hardly one-half the total export 
tonnage. Later, the loss of European 
markets during World War II produced 
a corresponding increase of shipments to 
the United States, where domestic re- 
quirements had risen and re-export de- 
mands were being met. Three-quarters 
of all the carnauba leaving Brazil now 
generally goes to the United States. Our 
imports for 1945-50 in metric tons were 
as follows: 


| ESSE Reeser 7,622 
PD Sei vs Saka yescawies 8,469 
RRS cvubs tes bens ¥y 5,347 
_. 3 eae ee 9,293 
2 ES See eee re 8,049 
SP awed do Kan kis aon 9,607 


The United Kingdom rather consist- 
ently ranks second as consumer, with 
sporadic competition from Germany for 
that position. France, Italy and the 
Netherlands are other importers; Canada 
and Australia are entering the market 
too. 

Properties 


Physical. Crude lump carnauba has 
a color range from yellow to dark green 
or black. It is hard, brittle and easy to 
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powder. It smells somewhat like new- 
mown hay. It feels hard and non-tacky, 
and has practically no taste. 


Chemical. Different samples have 
slightly different analytical values. The 


melting point varies between 80.5° C. 
and 86° C. At 15° C. the specific 
gravity is 0.978-0.999. Other recorded 
characteristics include: acid number, 8— 
15; iodine number, 13; saponification 
value, from 65 to 90, and sometimes 
even 95. Carnauba wax dissolves in a 
number of hot organic solvents but not 
in water. 
Industrial Uses 


Floor Waxes. Because it produces a 
durable, hard and glossy film, carnauba 
surpasses all its competitors as a much 
sought-after ingredient in high-quality 
self-polishing floor waxes. The luster 
appears of its own accord, without any 
rubbing whatever, hence the popular 
term “self-polishing”’. The industrial 
chemist calls these water-emulsion floor 
waxes “ bright-drying wax dispersions ”’. 
A simplified formulation would be carna- 
uba wax, borax and water, the percent- 
age of carnauba and other ingredients 
depending on the qualities desired by the 
manufacturer. Variations in the amount 
of emulsifier leads to changes in size of 
wax particles and influences the luster of 
the dried film. However, quality does 
not originate from gloss alone, and the 
formulation is selected with other prop- 
erties in mind, such as spread and wear 
resistance. 

Wax-paste remains a favorite in many 
households. Because of the 
rubbing, its application is 
slower and more laborious than the 
bright-drying wax dispersions. Though 
other natural and synthetic waxes offer 
stiff competition, carnauba wax con- 
tinues to lead the field in luster pro- 
duction. 

Other Uses. Automobile and other 
polishes, leather dressings, carbon paper 


necessary 
somewhat 


CARNAUBA WAX 


and inks may have carnauba wax in 
their formulations. Block greases with 
an admixture of carnauba wax are espe- 
cially suitable for lubricating bearings 
subjected to high temperatures. Poly- 
ethylene films have slight traces of 
carnauba wax; similarly insulating com- 
positions for motors and electrical ma- 


nF 


Fia. 9. 
Racine, Wis. 


powder, which is then processed for the removal of leafy impurities. 


chinery. Among the many commercial 
products containing some carnauba, one 
may also mention candles, lipstick, anti- 
fouling paints, metal-drawing and metal- 
stamping lubricants, and sealing agents 
for electrolytic cells. 


Recent Developments 


Provocative Opinions. There are some 
questions which, though not of direct 
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practical significance, are nevertheless of 
great interest to the wellwishers of the 
carnauba palm. Yields have been asso- 
ciated directly with aridity on the hy- 
pothesis that wax secretion is a response 
to drought, a protective measure against 
dryness and heat. Carnauba leaves, 
according to this view, produce no wax 


Wax extraction machine built by F. Haban, engineer, 8. C. Johnson and Son, Inc., 
Fed into the machine, the carnauba leaves are cut into shreds to liberate the wax 


powder whatever where rain falls abun- 
dantly, while arid conditions lead to an 
immediate increase, the palm tree being 
so delicately adjusted to the physical 
requirements of its drought-ridden habi- 
tat that it abandons its wax-yielding 
function when transplanted to other 
countries, as was the case in Ceylon. 
After finding wax yields on isolated 
carnauba palms in humid Para State, 
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one Brazilian agronomist concluded that 
humidity has no adverse effect on the 
amount, henee aridity is not essential. 
Some base their faith on soil, still others 
rely on genetic function as further expla- 
nations for the wax exudation on the 
leaves of Copernicia cerifera Mart. 

The Brazilian Government wants to 
prevent the ill-effects of calamity years, 
when the dreaded drought strikes the 
Northeast, by building dams for water 
storage and planning for irrigation. 
Much has been said about how to fit the 
carnauba palms into the irrigation proj- 
ects. These palms often occupy the 
borders of the streams and monopolize 
lands which could easily be irrigated. 
Some Brazilians assert that wax extrac- 
tion does not constitute a wise use of 
such lands, that these might better be 
planted with cotton, cereals, fruit or 
For other Brazilians 
intertillage brings the answer, with the 
earnauba palms then getting the advan- 
tages of cultivation and fertilization, as 
well as the extra water. They point to 
the periodic inundation of 
uba stands, observe the vigor of the 
palms that border the river channels, 
and hold it likely that, within limits, an 
increase in amounts of water will lead 
to a corresponding rise in wax yields. 
The oceasional landowner, though, con- 
siders wax more profitable than any 
other cash crop, better than cotton be- 
cause it demands much less labor. He 
wonders whether irrigation will destroy 
not only the wax yields but the trees 
themselves. 


even forage crops. 


some carna- 


Speculation on the relationship be- 
tween palm environment and wax qual- 
ity has brought out a similar series of 
opinions. There has been the represen- 
tation that heat and humidity directly 


Fic. 10 (Upper). 


Primitive method of melting carnauba powder. 
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affect the hardness of the wax, also its 
melting point and its iodine value. An- 
other contention holds that for emulsion 
purposes the carnauba wax produced in 
the interior surpasses the wax obtained 
from trees along the coast. Assumptions 
on the influence of soils are also encoun- 


tered. A sandy soil develops a better 
wax than does a rich loam, and the 
higher drier sites always make for 


powder of the best grade, all of olhos 
quality. The poorer soils of eastern 
Piauhy provide a poorer wax than the 
waxes coming from the fertile alluvium 
of the Jaguaribe River. How the vari- 
ous physical conditions, acting singly or 
in concert, influence wax quality, or 
yields for that matter, has not been fully 
explored, and the above views are listed 
as hypotheses which have been presented 
from time to time rather than as proven 
facts. 

Pure Carnauba Wax. The false notion 
prevails that the young unopened leaves 
exude wax of a light yellow color which, 
because of aging of the leaves and of the 
wax, changes to a dark color on the 
mature open leaves. J. V. Steinle and 
ki. S. MeLoud of 8. C. Johnson and Son, 
Ine., Racine, Wisconsin, proved this to 
popular fallacy (33). In their 
laboratory they examined the very small 
pure wax particles of the young leaves 
as well as the very small pure wax parti- 
cles of the mature leaves and found that 
both were practically colorless. Since 
the color does not get into the wax while 
on the leaf, the impurities present in the 
crude wax powder must be its source. 
The impurities often make up more than 
20% of the crude wax powder by weight 
and consist of vegetable tissue similar to 
the wax particles in size, shape and 
weight. Carotin and yellow plant pig- 


be a 


Because of the high foreign 


matter content, wax prepared in this crude manner usually grades No. 4 or 5. 


Fic. 11 (Lower). 
Ceara. 
Wisconsin. 


Part of the equipment in the 8. C. Johnson and Son refinery at Fortaleza, 
The purified wax powde r collects on the large drum. 


Put in bags, it is shipped to Racine, 
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ments are the chief coloring substances 
in the leafy matter of the young leaves, 
while chlorophyll and the green and 
brown plant pigments characterize the 
mature leaves. The coloring substances 
enter the wax during the melting of the 
crude wax powder. 

The discovery that the vegetable tis- 
sue introduces its color to the wax led 
to a more thorough screening and other 
refining of the crude wax powder before 
melting. The latest technique in the 
Fortaleza refinery of S. C. Johnson and 
Son, Inc., continues the same careful 
screening and also removes the wax from 
the impurities by water-flotation (26). 


Brazilian exports of cornavba wax 
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Fig. 12. Brazilian exports of carnauba wax 
have risen steadily and are now at their highest 
levels. Most of it goes into floor and other 
polishes. 


To be sure, the young unopened leaves 
furnish a wax of desirable and 
composition, even with native refining 
methods. But the quantity is limited. 
So some manufacturers remelt the dark 
green raw material wax which makes up 
at least 70% of the commercial supply, 
and then add a clay or carbon adsorb- 
ent; they can filter out the color mate- 
rials that are adsorbed. Some operators 
merely dilute the impurities by adding 
other waxes, which of course changes the 
composition of the material. Such re- 
fining methods are expensive and may 
lead to a considerable loss of carnauba 
Wax. 


col rv 


ECONOMIC 


BOTANY 


Recently importers and users have be- 
come more concerned over carnauba wax 
adulteration. Extreme methods of col- 
lecting and processing are affecting the 
character of the wax, with the leaves 
being beaten and shaken more vigor- 
ously to get out every last particle of 
the precious wax, which results in an 
increase of leafy impurities. The com- 
position of the different commercial 
grades such marked variations 
that manufacturers have begun to ask 
for standard specifications, a demand 
which led to the critical study of 56 
samples at New York University from 
a chemical point of view (23). 

Supply. In 1937 8. C. Johnson and 
Son, Ine., purchased Raposa, 400 acres 
at Maranguape near Fortaleza, for a 
plantation where experiments were be- 
gun with the growing of carnauba palms. 
Dr. B. KE. Dahlgren of the Chicago Natu- 
ral History Museum and Dr. Humberto 
R. de Andrade, an agronomist at Forta- 
leza, have acted as consultants. The 
study involves wax yields and speed of 
growth, also the effect of different physi- 
eal conditions. 

Much could be done for the future of 
carnauba wax production by selecting 
palms of high wax-yield as a source of 
seed for planting. Since the pollen reach- 
ing the flowers is also a factor in the 
transmission of character, a_ strictly 
rigorous selection of superior seed can- 
not be achieved without scientifie con- 
trol, such as only the Government could 
provide in a rural economy like that of 
northeastern Brazil. Selection of seeds, 
however, from trees standing in groups 
where wax yields are high aims at trans- 
mitting improved wax-yielding charac- 
teristics to young palms. 

Besides the native carnauba, plant- 
ings at Raposa include various other 
species of Copernicia, to which additions 
are at present being made as seeds of 
them become available. As these grow 
up they will form a unique and impres- 
sive collection, a specialized palmetum 


shows 
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Fiat — 
Fic. 13 (Upper). 
with carnauba palms are now in progress. 


The American-owned plantation at Maranguape, Ceara, where experiments 


Fig. 14 (Lower). Plantings of carnauba 


palms on the Chaves fazenda in the Fortaleza 
hinterland. 
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of all known species of the genus. Its 
location in the center of a region de- 
pending to so large an extent on carna- 
uba for a living could not very well be 
more strategic. From the practical point 
of view of plant breeding it will serve to 
make available the potentialities of the 
entire genus for the kind of genetic ex- 
periments and controlled hybridization 
which in the case of many other plants 


of economic importance have often 
vielded valuable results. 
The Raposa experiment meets with 


the sincere approval of Brazilian agri- 
cultural agents who want landowners to 
improve the quality of the trees, besides 
adding to their number, by choosing 
good seeds and taking care of the young 
plants. The agronomists provide essen- 
tial information on and 
tices of conservation, such as scientific 
leaf-cutting methods to minimize loss of 
trees and drying terraces surrounded by 
walls as a protection against the wind. 

The large loss from the leaf to the 
powder stage, estimated at 30%, struck 
attention when the American demand 
first became strong. 8. C. Johnson and 
Son, Inc., experimented with a method 
of beating and drying leaves purchased 
and then hauled to Raposa. After pass- 
ing through a slitting machine, the green 
leaves fell into large trays for transfer 
to closed and covered drying sheds. It 
took 14 days for the leaves to dry. 
Workers next fed the leaves into a ma- 
chine which dislodged the wax by means 
of a revolving cylinder. Various methods 
of slitting and drying the leaves have 
been studied, but in many cases the ad- 
vantages of special handling of the 
leaves did not justify the expense. 

In recent years there is less reliance 
on the beating of the leaves by hand. 
Machines of the Guarany or Cyclone 
type now thoroughly shred the leaves so 
as to liberate the powder, then take out 
some of the leafy impurities by running 
it through an air separator. 

Substitutes. As late as 1939 exporters 


theories prac- 
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received only 30 cents a pound for 
carnauba wax; now they often get four 
times as much. High prices for carna- 
uba wax have forced industrial chemists 
to find formulas with cheaper and more 
readily available Interested 
groups have protested against runaway 


Waxes. 


prices, but protests alone are of no avail. 
Nor are U. 8S. price ceilings a remedy. 
They generally lead to a reduction of 
imports, for Brazilian exporters then sell 
to countries that have no upper price 
limit. 

Similar physical and chemical proper- 
ties are important when choosing a sub- 
stitute; also how well the new material 
blends with the other parts of the for- 
mula. The substitute for carnauba must 
satisfy three requirements: hard- 
ness, high melting point. 

Quricury wax, also a Brazilian mo- 
nopoly, stands close to carnauba in value 
Candelilla 
lacks the high gloss and hardness of 
carnauba in most formulations. Manu- 
facturers speak well of sugar cane wax; 
its commercial exploitation offers great 
possibilities for quantity production. 

Similarly various synthetic waxes pro- 
duced from petroleum and other raw 
materials are finding favor because of 
lower cost, controlled characteristics and 
more abundant supply. 

If high prices for carnauba persist in- 
definitely, more and more industries will 
turn to substitutes, and once carnauba 
has lost favor it might struggle in vain 
to regain its 


gloss, 


for some types of products. 


leading position among 
vegetable waxes. Though carnauba con- 
tinues to be in demand because of its 
gloss and hardness, it cannot be denied 
that competition from other natural 
waxes and synthetic waxes, which are 
superior for becoming 
Therefore it behooves the Bra- 
zilian producers not only to keep them- 
informed about market trends, 
but to plant more palms, improve the 
yield and quality, and avoid 
caused by careless management so that 


uses, is 


some 
strong. 


selves 
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Soybeans. Farmers’ Bulletin 1617 on cave-temple wall paintings, 
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: “ Soybean Utilization ” was sueceeded in Feb- — outstanding published works 


, Is submitted as 
ruary, 1952, by a new bulletin on “Soybeans — proof, along with literary evidence, that the 
for Feed, Food and Industrial Products ”’. banana has been 
In addition to the general text, this revision 
contains a detailed chart of all the industrial 
products into which soybeans enter. (W. J. 
Morse and J. L. Cartter, U. S. Dept. Agr., 
Farmers’ Bull. 2038). 


‘a cultivated plant in 
tropical India for well over 2,000 years and 
undoubtedly flourished there, as well as in 
southeastern Asia and adjacent islands, for 
centuries prior to the existence of any his- 
torical records and was found growing in a 

Earliest Banana Culture. An exhaus- wild state by the earliest inhabitants. (P. K. 
tive examination of photographs and draw- Reynolds, Jour. Am. Oriental Soc. 71(4) 
ings of temple ruins in India, ineluding Suppl.). 


Antibacterial Substances from Lichens' 


Crude extracts of many lichens and some lichen acids 
have considerable antibacterial activity, suggesting their 
possible value in chemotherapy and providing some 
justification for their folk-lore use in some countries 
against pulmonary disorders. 


FLORENCIO BUSTINZA 
University of Madrid, Spain 


There are not many references to the 
use of lichens in medicine in ancient 
times. It has been recorded that while 
travelling in the Nile Valley in 1864, 
Schweinfurth found a fragment of lichen 
in a vase of the 18th dynasty (approxi- 
mately seventeenth century B.c.). This 
lichen was identified by Muller as Hver- 
nia furfuracea (l.) Ach. It is interest- 
ing to note that a crude extract of this 
species has recently been shown (1) to 
be active against the bacterial species 
Staph. Bacillus mycoides, B. 
licheniformis and Mycobacterium phlei. 
Another lichen, Lobaria pulmonaria (L.) 
Hoffm., has a long-established reputa- 
tion in medicine; from the 17th to the 
19th centuries Cetraria islandica (L.) 
Ach. was widely prescribed for the treat- 
ment of pulmonary tuberculosis. In 1802 
the French military physician, J. B. Reg- 
nault, published an interesting work en- 
titled “‘ Observations on pulmonary con- 
sumption or an essay on the lichen 
islandicus considered both as an aliment 
and as medicine in that disorder”. This 
species was included in many pharma- 
copoeias until quite recently, and it is 
interesting to note that crude extracts of 
it inhibit the growth of many bacteria, 
including several species of Mycobac- 


aureus, 


terium. 

In modern times Burkholder and his 
collaborators (2) were the first, in 1944, 
to call attention to the antibacterial ac- 


1 Reprinted from Endeavor, April, 1951, 
omitting illustrations of culture plates. 


tivity of different lichens. They used for 
their assays, made by the usual plate 
and cylinder method developed for peni- 
cillin, crude extracts prepared by grind- 
ing up freshly gathered lichen with 
phosphate buffer at pH 7.4. As test 
organisms they used Staph. aureus, B. 
subtilis, P. vulgaris, Str. faecalis and E. 
coli. A later paper (3) described addi- 
tional tests made not only with fresh 
lichens but also with dried material from 
various collections. Of the several hun- 
dred species tested, fifty-two proved to 
be active against Staph. aureus or B. 
subtilis, but the great majority proved 
inactive against Gram-negative bacteria; 
the exceptions were: 


ACTIVITY OF LICHENS AGAINST GRAM- 
NEGATIVE BACTERIA 


Active 
against 


Lichen species 


Cladonia delicata; Cladonia 
glauca; Parmelia conspersa; 
Parmelia rudecta; Tham- 
nolia vermicularis; 
Xanthoria parietiana .......... 


Cladonia borbonica; Parmelia 
a sana laine E. coli 

Parmelia phys odes; Umbili- 
CATIA PAPULOSA -o-ssee--0rseereees 


The discovery of antibacterial activity 
in lichen extracts prompted examination 
of some of the individual lichen acids. 
The first of these was isolated by Pfaff 
in 1826 from Cetraria islandica. In 1843 
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Rochleder and Heldt isolated, from Us- 
nea barbata, the important substance 
usnie acid, the chemical nature of which 
has been studied by Curd and Robertson 
and Schépf and Ross. Hesse and Zopf 
subsequently isolated many more. The 
Japanese workers, Asahina and Asano, 
and their co-workers have made detailed 
studies of the chemical nature of lichen 
products, and Asahina himself has made 
a notable contribution in this field by the 
development of microchemical methods 
for identifying lichen acids. 

Burkholder and his co-workers showed 
(3) that a saturated aqueous solution of 
usnic acid is active against B. subtilis 
but inactive against F. coli and Staph. 
aureus: atranorin and 
traric acid are inactive against both 
these bacterial species. In 1945 Barry 
and MeNally (4) reported only slight 
activity of roccellic acid (a-methyl-a’- 
n-dodecyl-succinie acid) against M. phlei 
and M. tuberculosis bovis. They found 
high activity in the monoesters and the 
monoamide of this acid, which is pro- 
duced by Lecanora sordida. 

Nolan and _ his 


fumarprotoce- 


collaborators have 
studied the chemical nature of diploicin, 
derived from Buellia canescens; they 
showed that it is a depside containing 
three organic chlorine atoms. In 1946 
Barry tried to test its antibacterial 
action but found that it was insoluble in 
water; mild treatment with alkali, how- 
ever, led to the appearance of a phenolic 
and a carboxylic group, and the deriva- 
tive had a water-soluble sodium salt. 
This was active in vitro against WM. 
diphtheriae (mitis) and 
M. tuberculosis (5). 

In 1946 Bargellini (6) showed usnic 
and vulpinie acids to be active against 
Staph. aureus, C. diphtheriae and B. 
subtilis but not against Gram-negative 
bacteria. 

Karly in 1947 Marshak published in- 
teresting work on a crystalline antibac- 
terial substance obtained from Ramalina 
reticulata (Noedh) Kremph. At a dilu- 


smegmatis, C. 


tion of 1: 20,000 this substance inhibited 
various species of Pneumococcus, Strep- 
tococcus and Staphylococcus. At a di- 
lution of 1:50,000 in Dubos medium 
various strains of VM. tuberculosis were 
inhibited; in some tests appreciable inhi- 
bition was found even at 1:2,000,000. 
M. tuberculosis avium was more resist- 
ant to usniec acid than was M. tubercu- 
losis hominis, as in Dubos medium it was 
necessary to have a concentration of 
1: 20,000 to obtain even partial inhibi- 
tion of the avium strain. In an attempt 
to protect guinea-pigs against virulent 
strains of M. tuberculosis he concluded 
that a dose of 25-50 mg. per kg. of body- 
weight could be given daily, by subcu- 
taneous injection in oil, without toxic 
effect. When so given to guinea-pigs 
infected intraperitoneally with human 
tuberculosis, the progress of the disease 
appeared to be retarded (7). Subse- 
quently Marshak (8) identified his ma- 
terial as the dextro isomer of usnic acid. 

In 1947 Stoll and his collaborators de- 
scribed (9, 10) results of tests on 58 
lichen species, of which 38 proved active 
against Staph. aureus; they discussed 
also the activity of usnic acid against 
Mycobacterium and other organisms. 
This was the first published work to men- 
tion the activity of Cetraria islandica, 
Cladonia rangiferina, Lobaria pulmo- 
naria and Parmelia furfuracea against 
Staph. aureus. These workers also de- 
scribed for the first time the extraction 
of dl-usnic acid from Cetraria islandfta, 
the yield being 0.04 percent; they showed 
that its antibacterial activity is inde- 
pendent of its optical activity. All forms 
of usnic acid inhibited strains of M. tu- 
berculosis hominis and M. tuberculosis 
bovis at dilutions ranging from 1 : 500,000 
to 1: 800,000. It was also shown that vul- 
pinic, d-protolichesteric, dihydroliche- 
steric, physodie and diffratic acids are 
all more or less active against M ycobac- 
terium and Gram-positive cocci. In 1947 
Barry and his collaborators (11) re- 
ported the anti-tuberculous activity of 
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usnic acid at dilutions of 1: 500,000. In 
1948 Ciferri and Giacomini published 
the results of a survey of 231 different 
lichens. 

The author’s own investigations in this 
field began, with A. Caballero, towards 
the end of 1947. Attention was first 
directed towards the activity of Evernia 
furfuracea and Evernia prunastri, using 
as test organisms Staph. aureus, B. my- 
coides, B. licheniformis and M. phlei. 
From Evernia furfuracea we isolated an 
antibacterially active fraction rich in 
ergosterol; from EF. prunastri we obtained 
usnic acid (1). We also studied the 
antibacterial activity of Usnea florida 
(L.) Hoffm. and obtained from it d-usnic 
acid in yields of 3.8-4.1 percent of dry 
matter. The activity of this substance 
against Staph. aureus and M. phlei was 
assayed; when it is added as a fine 
powder to broth Staph. aureus is in- 
hibited at a dilution of 1:50,000 and 
M. phlei at 1:100,000. M. tuberculosis 
avium, in glycerine broth, is completely 
inhibited at 1: 100,000 and partially so at 
1: 200,000. In Dubos medium, however, 
much higher concentrations (1: 20,000) 
are necessary to effect inhibition; a simi- 
lar effect was noted with M. tuberculosis 
hominis. In glycerine broth this is in- 
hibited at 1:500,000, but in Dubos me- 
dium a tenfold increase in concentration 
is necessary for the same result. When 
using the plate and cylinder method of 
assay for sodium usnate, large and very 
clear zones are given by 1: 10,000 solu- 
tions, using M. tuberculosis avium. We 
have also described the formation of a 
precipitate, thought to be streptomycin 
usnate, when sodium usnate is added in 
aqueous solution to streptomycin hydro- 
chloride. This substance, which we have 
used as a suspension in phosphate buffer 
or oil, or in solution in propylene glycol, 
is characterized by being active against 
all the species of Mycobacterium which 
were tested and in addition it is active 
against E. coli. Since publication of 
these results I have been able to demon- 
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strate the presence of streptomycin in 
this precipitate by using it to promote 
the growth of streptomycin-dependent 
strains of FE. coli. Conversely, the pres- 
ence of usnic acid in the precipitate is 
demonstrated by the fact that it inhibits 
growth of the pathogenic fungus Tri- 
cophyton mentagrophytes which is sus- 
ceptible to usnie acid but not to strepto- 
mycin. At the time of writing it is not 
clear whether this precipitate is a chemi- 
cal combination of usnic acid and strepto- 
mycin, or whether it is merely a physical 
combination held together by adsorptive 
or similar forces. 

Curiously enough, at the same time as 
this type of research on lichens was be- 
ing pursued in Europe and the United 
States, Japanese workers independently 
entered the same field. In 1948 Shibata 
and his colleagues (12) published the 
results of research on the antibacterial 
activity of laevo, dexrtro and dl usnie 
acid and some of their derivatives, the 
latter including J(-diacetylusnic acid, 
d-diacetylusnie acid, l-dihydrousnie acid 
and d-diacetyldihydrousnic acid. Their 
results are tabulated below. 


Inhibiting titre 


M. tuber- 
culosis 


Derivative 


Staph. aureus 
avium 


Usnic acid 1: 160,000-1: 320,000 1: 160,000 


Diacetylusnic 

acid 1: 10,000 -1:25,600 1:40,000 
]-Dihydrousnic 

acid 1:10,000 -1: 25,600 1: 40,000 


d-Diacetyldihy- 

drousnic acid 1:6,400 -1:10,000 1:10,000 

These results suggest that the double 
bond and the hydroxyl groups contribute 
in large measure to the antibacterial ac- 
tivity of usnie acid. Marshak and his 
colleagues have since confirmed that any 
major alteration in the usnie acid mole- 
cule reduces or destroys its activity, 

Shibata and his colleagues refer to the 
use of U'snea longissima in China as an 
expectorant, and for the local treatment 
of ulcers. They also state that more 
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than fifty years ago tincture of Usnea 
spp. was successfully used for the treat- 
ment of tuberculosis lymphadenitis. In 
a subsequent publication Shibata and 
Miura (13) deseribed an investigation of 
the action of 23 lichen products against 
Staph. aureus and M. tuberculosis avium. 
These substances had very varied chemi- 
cal structures and included lactonie fatty 
acids, depsides, depsidones, and an an- 
thraquinone derivative. They also found 
high antibacterial activity in certain 
tetronic acid derivatives, such as proto- 
lichesteric acid, and in certain depsides 
and depsidones related to orecinol. Later 
(14) they reported that didymic acid 
and a derivative of it are active against 
Gram-positive bacteria; these substances 
contain the dibenzofurane nucleus. 

In 1948 Klosa (15) gave an account 
of the antibacterial properties of a sub- 
stance, which he named “ evosin”’, de- 
rived from one of the Usneaceae; evosin 
is in fact a mixture of usnic acid, evernic 
acid and two other unidentified sub- 
stances. Evosin is very active against 
both staphylococci and streptococci; it 
inhibits the growth of M. tuberculosis at 
a dilution of 1:2,000,000. Klosa states 
that evernie acid inhibits the same or- 
ganisms at dilutions of 1:1,000,000. In 
subsequent publications (16, 17) he de- 
scribes the successful clinical use of evo- 
sin in various skin diseases, such as lupus 
vulgaris, furunculosis and impetigo, and 
in the treatment of bovine mastitis. 

Vartia (18) states that in Finland hot 
aqueous solution of reindeer-moss (Cla- 
donia alpestris, Cladonia rangiferina, or 
Cladonia sylvatica) is traditionally used 
as a remedy for tuberculosis. Of 82 spe- 
cies tested usnic acid was found in 22. 
These 22 species were all active against 
Sarcina aurea, Staph. aureus, Strep. pyo- 
genes, B. subtilis and B. megatherium; 
the majority were also active against C. 
diphtheriae. He also records that 20 
species of lichens inhibit P. vulgaris and 
generally also EF. coli; nine of these spe- 
cies contain atranorin. From atranorin 


he obtained a crystalline derivative 
which inhibits Proteus vulgaris at a dilu- 
tion of 1: 10,000. 

In a survey of the antibacterial activ- 
ity of Cetraria islandica Vartia found it 
to be active against Sarcina aurea, Staph. 
aureus, Strep. pyogenes, E. coli, P. vul- 
garis and B. megatherium. Cladonia 
rangiferina does not attack these organ- 
isms, according to Vartia, and Evans 
and Burkholder (3) state that Staph. 
aureus and B. subtilis also are not in- 
hibited by this lichen; this conflicts with 
Stoll et al., however, who found that 
Staph. aureus was attacked. Vartia also 
reports antagonism between the two 
groups of lichens and fungi: 

Lichen-fungus antagonism 
Lichens Fungi 


Actinomyces 


. sulfuroides 
Cetraria glauca Triccoh 
Parmelia stenophylla ricophyton 
E . . y farineculatum 
ine enn i Thieeghnten 
“ren rig i t interdigitalis 
Alectoria sarmentosa Epideraaphysen 
inguinale 


Vartia states (19) that the sodium 
salts of protolichesteric, divaricatic and 
physodie acids are active against Gram- 
positive bacteria. Patiala confirms (pri- 
vate communication) Marshak’s obser- 
vation that usnic acid retards the 
development of tuberculosis in guinea- 
pigs. 

In more recent trials by Marshak and 
Kuschner (20) of the therapeutic value 
of usnie acid and streptomycin in treat- 
ing tuberculosis in guinea-pigs, they con- 
clude that “ although the results obtained 
show that streptomycin alone in suffi- 
ciently large doses is more efficient than 
usnic acid . . . the observed synergistic 
action of the two drugs makes it proba- 
ble that the development of resistance, 
a serious problem in therapy, may be 
limited through the combined action of 
both substances”. This result is in 
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agreement with my own prediction of 
1948. 

Despite the considerable amount of 
work reviewed here, which has led to the 
discovery of several promising new anti- 
bacterial substances, of which usnic acid 
has been the most closely studied, it is 
still not clear whether these substances 
are derived from the lichens as a whole 
or from the symbiotic fungi which form 
an integral part of them. Ashly, for ex- 
ample, has shown that the monomethy! 
ester of emodine obtained by Raistrick 
and his collaborators (21) from Asper- 
gillus glauca is identical with the prod- 
uct named physcion (=parietin) from 
Xanthoria parietina. Thomas (22) indi- 
cates that pure cultures of Caloplaco- 
myces, a fungus occurring in many 
lichens of the genus Caloplaca, and also 
Xanthoriomyces parietinae, found in the 
lichen Xanthoria parietina, can produce 
physcion. From the fungus Candelari- 
ellomyces vitellinae, obtained from the 
lichen Candelariella vitellinae, he has 
isolated the substance stictaurin. Previ- 
ously both stictaurin and physcion were 
regarded as products of the lichen rather 
than of the fungus. Castle and Kubsch 
(23) have isolated usnic, didymiec and 
rhodocladonic acids from the fungus 
found in the lichen Cladonia cristatella. 

It is clearly of the greatest interest, in 
view of the promising results already ob- 
tained and the very urgent need for sub- 
stances which will attack Gram-negative 
bacteria, to continue a systematic study 
of the antibacterial and antifungal ac- 
tivity of the thousands of known lichen 
species; an important precaution which 
must be taken is to ensure that pure 
species and not mixtures are examined. 
Further, it is necessary to prepare and 
examine pure cultures of the fungi found 
in those lichens which yield substances 
likely to be of practical value. It may 


be that the fungi symbiotically associ- 
ated with lichens will prove an impor- 
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tant source of new antibiotics, some of 
which may be added to those which have 
already established themselves in medi- 
cal practice. On the other hand, the 
lichens as lichens may prove a source of 
equally useful new substances. 
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Botany of Sugarcane. C. Van Dillewijn. 
xxiv +371 pages; illus. Waltham, Mass.: 
The Chronica Botanica Co.; New York 
City: Stechert-Hafner, Inc. 1952. $6. 

When an author has prepared such a 
scholarly volume on one of the world’s most 
important economic plants as Dr. Van 

Dillewijn has in this study, it is perhaps in- 

delicate, to say the least, to begin a review 

of it with a criticism, but such unpleasantries 
may at times be unavoidable in a spirit of 
scientific candor. The science of botany em- 
braces many fields of plant knowledge, and 
if two or three of those fields, as extensive 
as those which are considered, are omitted 
from a book, it would appear inappropriate 
to select an all inclusive title for the volume, 
or for the first line of the preface in this 
book to state, “ This volume aims at giving 
an inventory of our present knowledge of 
the botany of the sugarcane plant”, or for 
the last sentence of the introduction to read, 

“The present volume is intended as a modest 

contribution in that it surveys what is known 

of the cane plant, its functions, its require- 
ments, and its responses to various factors ”’ 

Actually the book is almost exclusively a re- 

view of the anatomy, morphology and physi- 

ology of sugarcane, based on 617 citations, 
and, except for incidental allusions, contains 
nothing on the history, breeding, genetics and 
pathology (except some physiological dis- 

Recognition is 

given to these other disciplines in the intro- 


eases) of this great crop. 


ductory remarks, as though they were to be 
considered in the body of the book, but the 
reader looks in vain for them. There is not 
any good reason for them to have been in- 
cluded, and a line of very inconspicuous type 
on the reverse of the title page, seemingly 
designed to assure its escaping attention— 
Handbook of Sugareane, Volume I—implies 
that one or more volumes are to follow, 
which presumably will cover these topics. 
The point of this criticism is that it would 
have been more in keeping with scientific 
accuracy, less misleading and not in the least 
distracting, to have entitled the volume, 
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“ Morphology and Physiology of Sugarcane”, 
for such it is, or to have indicated as much 
by a subtitle. If other volumes follow, one 
anticipates either annoyance in distinguish- 
ing them or a change in title. 

As a review of what is known about the 
morphology and physiology of sugarcane, in 
the broadest aspects of those fields, this book 
is outstanding, and if others on other topics 
are to follow, the world’s principal source of 
sweetness will be covered in a literary way as 
perhaps no other crop. The stem, bud, leaf, 
inflorescence and root of cane are anatomi- 
cally and morphologically considered, and 
under the physiological section of the book 
are chapters on germination, tillering, growth, 
vegetative composition, chemical composi- 
tion, nutrition, water, photosynthesis and 
respiration. 


The Essential Oils. Vol. 5 (507 pages). 
Vol. 6 (481 pages). Ernest Guenther. 
D. Van Nostrand Co. 1952. 


These two volumes, covering the essential 
oils in 46 families of plants, conclude the 
encyclopaedic work of Dr. Guenther previ- 
ously noted in two issues of Economic Bor- 
any (April-June, 1950; April-June, 1951). 
It is seldom that a scientific work of com- 
parable magnitude, for the most part the 
work of one man, appears today in the deluge 
of prose that issues from printing presses. 
It is especially pleasing to note that the only 
point for eriticism previously noted in re- 
viewing earlier volumes, namely, poor quality 
of photographie illustrations, has markedly 
improved in this final volume by insertions 
of coated stock better suited for photo- 
graphic reproductions. In the 2,300 pages 
of Volumes ITI-VI, devoted to the individual 
oils, those oils are grouped according to plant 
families, but the families are not considered 
in any taxonomic sequence. As an appendix 
in the final volume, however, five pages are 
devoted to a phylogenetic listing of about 
150 genera in some 50 families which yield 
commercially or scientifically important oils 
and which constitute the chapter headings in 
the volumes. 
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Green Medicine. Mrs. C. F. 324 
Faber and Faber, Ltd., London. 


pages. 


In recent years four books on herbs, each 
on a broad group of them from a utility 
standpoint, have come from the pen of Mrs. 
Leyel, and this, the fifth, has recently ap- 
peared. Three more are planned, and _ to- 
gether they will constitute what is referred 
to by the publishers as The Culpepper House 
Herbals. In Green Medicine the author pro- 
vides delightful reading in the history and 
folklore of herbs for the circulation of the 
blood, for the throat, for the lungs, for the 
digestive organs, for the liver, for the organs 
of reproduction, for the bladder and kidneys, 
and for the brain. A chapter is devoted to 
each of these groups. In addition to general, 
botanical and familiar names indices, there 
are ten others covering herbal names in ten 
foreign languages. 


Field Crops. 
M. Harrison. x + 446 
Graw-Hill Book Co. 


Howard C. Rather and Carter 
pages; illus. Mce- 
1951. $5.50 


This revised second edition of a work that 
originally appeared in 1943, is an elementary 
text in agronomy, that is, the art and science 
of raising field crops, and as such is 
cerned with the production of cereals, 


con- 
leg- 
forage grasses, beet, 


umes, 
sugar cane, cotton and tobacco. 


potatoes, sugar 


Plants of the Bible. Harold N. Moldenke 
and Alma L. Moldenke. xx+328 pages; 
illus; 1952. Waltham, Mass.: The Chronica 
Botanica Co.; New York City: Stechert- 
Hafner, Inc. $7.50. 

Nearly 400 vears ago, in 1566 to be exact, 

a 161-page book published in Latin with 39 

words in its title first work that 

dealt entirely with the plants mentioned in 
the Scriptures. Since then hundreds of other 
publications, books and brief articles, have 
also dealt with the subject, and all of them 


was the 
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have been confronted and greatly concerned 
with the problem of correctly identifying the 
plants mentioned in those ecclesiastical writ- 
ings. To all the interpretations 
given to plant names in those contributions, 
to evaluate them and then to decide which 
are well founded, has long been a formidable 
task awaiting definitive treatment of 
scholar. Plants of the Bible is certainly the 
nearest approach yet achieved toward that 
is the fruition of many years re- 
search by two authors, the senior of whom is 


compare 


some 


goal, lor it 


a trained taxonomist with a phenomenal gift 
for finding, sifting and integrating the enor- 
mous amount of data that have a bearing on 
the subject. 

According to this latest work on the sub- 
ject, some 230 kinds of plants mentioned in 
the Bible and Apocrypha have been defi- 
nitely identified. About two-thirds of the 
hook is devoted to an alphabetical listing of 
plants their 
names as recognized today, and under each 
of them are given all pertinent Biblical quo- 
tations and extensive text comparing previ- 
ous interpretations of the names and giving 
interesting data on the plants themselves. 
The comprehensive viewpoint of the authors 
is well exemplified by their having included 
chapters on the bacteria and yeasts regarded 


these according to scientific 


as responsible for the diseases and fermenta- 
tions mentioned in the Bible. 

A brief but excellent historical sketch pre- 
cedes the major portion of the book, and the 
latter is followed by parts on unidentified 
plants, by a bibliography of more than 600 


citations, by 28 pages of small type supple- 


mentary notes, by an index to Bible verses 
and by a very detailed general index. 

More than 100 illustrations, reproduced 
from old wood cuts, modern line drawings 
and photographs, contribute greatly to make 
this scholarly work a truly great contribution 
to an age old problem in the field of ethno- 
botany. 


